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CHAPTER  I 

INTRODUCTION 

Reaction  time  is  one  of  the  phenomena  of  human  behavior  to 
which  experimental  psychologists  earliest  turned  their  attention,1 
and,  as  might  be  expected,  one  of  the  most  frequently  investigated 
aspects  of  the  study  of  reaction  time  has  been  its  relation  to  other 
types  of  behavior.  Because  the  speed  with  which  an  individual 
can  respond  in  a  prescribed  manner  to  a  stimulus  has  been  assumed 
indicative  of  a  general  speed  ability,  or  considered  a  clue  to  the 
dynamics  of  the  neuro-muscular  mechanism2  or  even  to  the  func- 
sought  between  rates  of  speed  in  different  tasks  or  skills,3  between 
speed  and  ability  in  the  same  task,4  and  between  speed  in  some  task 
and  ability  in  others.5  In  the  last  category  are  the  numerous 
studies  in  which  reaction  time  is  correlated  with  estimates  of 
'  'brightness"6  or  with  intelligence  denned  as  ability  to  respond 
satisfactorily  to  the  variety  of  tasks  included  in  a  standardized 
scale.7 

In  spite  of  the  tremendous  literature  on  the  subject,  there  is  still 
disagreement  among  investigators  as  to  whether  a  relationship  exists 
between  reaction  time  and  intelligence.     The  confusion  concerning 


i  The  measurement  of  reaction  time  antedates  the  application  of  experi- 
mental methods  in  psychology:  in  1850  Helmholtz  published  results  of  the  first 
reaction-time  experiments  as  such.  Donders  and  de  Jaeger  (1865-1868)  first 
emphasized  the  psychological  rather  than  the  physiological  implications  of  the 
reaction  method ;  in  Wundt  's  ' '  Grundgziige  der  physiologischen  Psychologie ' ' 
(1874),  reaction-time  measurements  occupy  a  prominent  place.  See  Henmon 
(20). 

2  Robinson  (45):  "The  fact  still  remains  that,  by  means  of  the  several 
degrees  of  complexity  represented  by  the  reaction  experiments,  we  can  sample  the 
operations  of  several  levels  of  neuromuscular  elaboration."      (p.  631). 

Goodenough  (18)  :  "The  problem  of  reaction  speed  is  one  of  considerable 
theoretical  interest  since  the  speed  with  which  an  individual  is  able  to  make  a 
simple  motor  response  to  a  perceived  stimulus  may  fairly  be  regarded  as  a 
significant  index  to  his  basic  level  of  perceptual-motor  integration."  (p.  431). 
tioning  of  the  nervous  system  itself,  the  relationship  has  often  been 

sDowd  (10),DuBois  (11),  Kennedy  (30),  Lanier  (33),  Seashore  (49),  Sisk 
(46),  Walters  (51). 

*  Freeman  (14),  Hunsicker  (23),  Kennedy  (cf.  30),  Kirkpatrick  (31). 

s  Bernstein  (5),  Brown  (6),  Burt  (7),  Clark  (8),  Highsmith  (22),  Kelly 
(29),  McCall  (37),  McFarland  (38),  Norsworthy  (41),  Peak  and  Boring  (42), 
Walters  (55). 

e  Gilbert  (17). 

7  Beck  (2),  Farnsworth,  Seashore  and  Tinker  (13),  Goodenough  (18),  Ken- 
nedy (30),  Lanier  (33),  Lemmon  (34),  Peak  and  Boring  (42),  Philip  (43), 
Sisk  (50). 
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8  BE  ACTION  TIME  OF 

this  question  is  well  illustrated  by  conclusions  of  the  more  recent 
summarizers8  of  published  experimental  studies  of  speed  and  ability. 

Hunsicker  (23)  :  "A  survey  of  the  literature  on  rate  of  work  and  mental 
ability  is  chiefly  serviceable  in  that  it  discloses  the  far-reaching  implications  of 
the  issue,  and  in  that  it  reveales  the  amazing  variability  of  the  conclusions 
reached  in  equally  well-sponsored  experiments."  (p.  1.)  "The  diversity  in 
present  views  .  .  .  ranges  from  positive  denial  of  any  relationship  to  insistence 
upon  a  high  correlation  between  rate  and  ability. ' '      (p.  13.) 

McFarland  (38):  "The  more  refined  and  objective  the  investigation  the 
more  convinced  the  experimenter  [in  the  recent  studies]  becomes  of  a  vital 
relationship  between  rate  and  mental  ability  as  tested  by  the  intelligence  tests. 
The  assertions  concerning  the  amount  and  nature  of  that  relationship,  however, 
have  become  less  dogmatic.  It  is  evident,  therefore,  that  further  research  con- 
fined to  laboratory  technique  is  necessary  in  order  to  clear  the  issue  and  to 
establish  the  negative  or  positive  significance  of  this  important  psychological 
problem."      (p.  610.) 

Beck  (2)  :  "More  recently  Beck  [3]  reviewed  the  field,  and  he  came  to  the 
conclusion  that  speed  was  only  of  minor,  if  any,  importance  in  intelligence. ' ' 
(p.  793.) 

Tinker  (52)  :  "Whenever  valid  measures  of  intelligence  have  been  employed 
and  when  experimental  conditions  and  size  of  group  have  been  adequate,  no 
appreciable  relationship  has  been  discovered  between  speed  of  simple  reaction  or 
speed  of  motor  response  and  intelligence."      (p.  451.) 

(N.  B.:  McFarland 's  correlation  of  about  +.60  between  simple  reaction 
and  various  measures  of  intelligence  are  "not  accepted  as  significant  until 
confirmed,"  because  of  the  discrepancy  between  it  and  results  obtained  by 
Farnsworth,  Seashore  and  Tinker  (13).) 

"A  survey  of  the  literature  on  the  relation  of  speed  of  response  to  mental 
ability  shows  that  no  common  factor  runs  through  both  motor  (including  reac- 
tion time)  and  mental  test  responses.  However,  there  are  group  factors  of 
varying  degrees  of  specificity  in  motor  responses  and  speed  appears  to  be 
related  to  ability  in  mental  and  scholastic  test  responses  when  speed  and 
ability  are  measured  on  the  same  kind  of  material."     (p.  454.) 

Lemmon  (34):  "Evidently,  the  question  of  the  relation  between  reaction 
time  and  the  higher  abilities  is  not  yet  settled."     (p.  9.) 

It  is,  therefore,  notable  that  whereas  the  question  of  the  relation- 
ship between  reaction  time  and  "mental  ability"  is  of  great  interest 
and  has  been  the  object  of  much  investigation,  there  are  no  conclu- 
sive experimental  data  to  confirm  or  deny  the  existence  of  such  a 
relationship.  On  theoretical  grounds  the  abilities  to  respond  suc- 
cessfully when  the  specified  overt  response  involves  primarily  speed 
of  muscular  action  and  when  it  involves  primarily  memory  or  prob- 
lem-solving or  the  seeing  of  relationships  are  by  some  competent 


8  Historical  sketches  included  in  original  reports  of  studies:  Hunsicker  (23), 
Jenkins  (25),  Lemmon  (34),  Sisk  (50)  ;  special  surveys  of  experimental  data: 
Beck  (3),  Johnson  (27),  McFarland  (38),  Woodworth  (60). 
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persons  believed  physiologically  related9  and  by  others  held  logically 
independent.10 

In  spite  of  the  disparity  in  the  general  conclusions  reached  by 
investigators  of  the  phenomena  of  reaction  time,  there  has  been  built 
up  from  the  numerous  well-conducted  experiments  a  tremendous 
body  of  data  which  can  be  accepted  as  sound  within  the  limits  of 
the  particular  studies.  The  following  findings  are  relevant  to  the 
present  investigation. 

1.  There  are  persistent  individual  differences  in  speed  of  reac- 
tion,11 in  relative  speed  to  presentation  or  cessation  of  stimu- 
lus,12 in  relative  speed  after  preparatory  intervals  of  varying 
length,13  and  in  variability  of  reaction.14 

2.  Correlations  are  fairly  high  for  speed  of  response  in  simple 
discrete  reaction  of  different  types,15  and  for  reaction  times 
of  different  musculatures  to  the  same  stimulus.16 

3.  Correlations  are  low  between  simple  reaction  time  and  con- 
tinuous motor  activity,  serial  discrimination  to  auditory  and 
to  visual  stimuli,  accuracy  in  certain  serial  measures  and  a 
number  of  other  diverse  motor  performances,17  including 
moving  the  finger  a  short  distance  before  pressing  the  re- 
sponse key.18 

4.  There  seems  to  be  a  sex  difference  in  favor  of  males.19 

5.  The  changes  in  reaction  time  with  chronological  maturity  are 


9  (a)  For  elaboration  of  one  line  of  reasoning  leading  to  such  conclusions 
see  Lemmon  (34)  p.  35.  (b)  Prof.  L.  S.  Hollingworth  found  that  superiority 
of  an  organism  tends  to  be  general,  so  that  persons  of  superior  intelligence  tend 
to  be  superior  also  in  muscular  activity,  and  believed  that  reaction  speed  would 
be  among  those  more  purely  physical  activities  in  which  persons  of  superior  in- 
telligence would  excel  those  of  inferior  endowment,  (c)  Dr.  E.  M.  Brickner 
believes  that  in  its  bare  physical  foundation,  ' '  the  thinking  process ' '  is  similar 
to  other  bodily  processes  such  as  walking  or  running,  so  that  the  comparison  of 
somatic  reaction  time  and  * '  the  thinking  process "  is  a  fruitful  line  of  investi- 
gation. 

10  For  refutation  of  the  line  of  reasoning  of  ref .  34,  see  Travis  and  Hunter 
(54)  p.  391. 

ii  Gate  wood  (16),  Goodenough  (18),  Kennedy  (30),  Henmon  and  Wells 
(20),  Wells,  Kelley  and  Murphy  (56). 

12  Woodrow  (59). 

is  Philip  (43),  Woodworth  and  Poffenberger  (cf.  26). 

14 Goodenough  (18). 

is  Beck  (3),  Lanier  (33),  Lemmon  (34). 

is  Reymert  (cf.  49,  pp.  42-43,  and  60,  p.  337). 

17  Beck  (3),  Farnsworth,  Seashore  and  Tinker  (13),  Lanier  (33),  Seashore 
(49). 

is  Farmer  and  Chambers  (12). 

isBellis  (4),  Gilbert  (17),  Goodenough  (18),  Jones  (28),  Wissler  (58); 
Philip  (43)  found  boys  faster  than  girls  except  in  simple  reaction  to  light  with 
a  warning  signal. 
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increase  in  the  speed20  and  especially  in  the  stability  of  re- 
sponse21 from  childhood  to  adulthood,  with  decrease  there- 
after (from  60-89  years  of  age).22 
6.  When  speed  of  reaction  of  college  students,  or  of  school  chil- 
dren not  selected  on  the  basis  of  mental  ability,  is  compared 
with  scores  on  standardized  intelligence  tests,  very  low  cor- 
relations are  obtained. 


aoBathurst   (1),  Bellis   (4),  Gilbert   (17),  Goodenough   (18),  Jones   (28), 
Philip  (43). 

2i  Goodenough  (18),  Luria  (36). 

22  Miles  (40),  Buger  and  Stoessiger  (47). 


CHAPTEE  II 

THE  PROBLEM  AND  ITS  RELATION  TO  PREVIOUS 

INVESTIGATIONS 

The  experiment  here  reported  was  designed  to  determine 
whether  children  of  high  and  those  of  low  I.Q.1  differ  in  speed  of 
reaction  to  a  visual  stimulus,  in  variability  of  response,  and  in  rela- 
tive decrease  of  speed  to  increased  complexity  of  the  test  situation. 
The  hypothesis  being  tested  was  that  there  would  be  no  difference 
between  the  groups  in  speed  of  simple  reaction,  but  that  a  difference 
would  appear  and  become  progressively  pronounced  as  the  task  was 
complicated  by  increase  in  either  the  number  of  units  or  the  com- 
plexity of  their  arrangement. 

Speed  of  response  was  measured  by  reaction-time  apparatus 
devised  specifically  for  this  experiment  in  which  the  stimulus  was  a 
light  or  a  light  accompanied  by  sound,2  and  the  response  was  the 
pressing  of  a  telegraph  key  directly  beneath  the  light  and  a  short 
distance  from  the  position  in  which  the  finger  rested  before  appear- 
ance of  the  stimulus.  Since  in  some  parts  of  the  test  several 
response-keys  were  to  be  used,  the  mode  of  response  had  to  involve 
either  the  use  of  more  than  one  finger  of  one  or  both  hands,  or  the 
traversing  of  a  distance  to  the  proper  key.  The  latter  method  was 
adopted  for  it  not  only  avoided  the  possible  complication  of  dealing 
with  the  unequal  ease  of  motion  of  the  various  fingers,  but  it  also 
allowed  a  full  arm  movement  which,  especially  for  children,  is 
believed  simpler  than  a  finger- wrist  movement;  and,  by  standard- 
izing the  mode  of  response  for  the  entire  test,  it  allowed  the  reagents' 
attention  to  be  directed  to  the  actual  response. 

The  primary  task,  to  react  as  quickly  as  possible  on  appearance 


i  Throughout  this  report,  I.Q.  refers  to  the  quotient  computed  from  results 
of  the  Stanford  Eevision  of  the  Binet-Simon  Tests.  The  Stanford-Binet  I.Q. 
was  used  as  the  basic  criterion  on  which  the  two  experimental  groups  were 
selected.  Being  a  composite  of  a  variety  of  tasks  believed  to  involve  or  to  be 
indicative  of  ability  to  learn,  the  Stanford-Binet  test  seemed  to  be  for  city 
school  children  a  more  adequate  measure  of  mental  ability,  so  denned,  than 
would  be  any  single  task  or  different  group  of  tasks  such  as  might  be  evolved 
in  accord  with  some  opinion  as  to  what  better  constitutes  intellectual  activity. 

2  When  the  Cenco  Impulse  Counters  were  in  use,  one  for  measuring  the  time 
of  foreperiods  and  the  other  for  measuring  the  response  time  (see  p.  16),  the 
cessation  of  the  former  and  starting  of  the  latter  clock,  though  simultaneous, 
could  be  detected  by  a  slight  difference  in  tone  of  the  two  clocks.  There  was, 
therefore,  an  auditory  stimulus  signalling  the  appearance  of  the  visual  stimulus. 
Throughout  the  testing  in  which  the  Cenco  timer  was  used  only  for  its  buzz,  the 
sound  was  continuous  from  the  beginning  of  the  foreperiod  until  the  correct 
response  key  was  pressed. 

11 
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of  the  stimulus,  was  complicated  by  varying  the  position  of  the  light 
stimulus  and  correct  response  key,  progressively  increasing  the  num- 
ber of  potential  positions  from  one  to  five,  and  by  altering  the  light- 
key  combinations.  Variability  of  response  was  determined  by  the 
consistency  with  which  the  reagent  maintained  a  rate  throughout  a 
series  of  trials  on  any  light-key  combination. 

The  present  study,  comparing  reaction-time  results  of  groups  of 
children  divergent  on  the  basis  of  intelligence  test  scores,  differs  in 
several  important  aspects  from  previous  studies  of  rate  and  ability. 

1.  Instead  of  attempting  insofar  as  possible  to  rule  out  the 
individual's  voluntary  muscular  response,  as  in  the  reflex 
studies,3  or  involving  only  a  slight  (and  perhaps  partially 
reflex4)  movement  of  a  small  muscle  group,  as  in  the  cus- 
tomary reaction-time  studies  in  which  a  key  is  released  (or 
depressed)  by  a  finger  already  in  contact  with  it,  the  pro- 
cedure of  the  present  experiment  was  such  as  to  bring  in  a 
simple  response  of  a  large  muscle  group,  and  to  require  a 
voluntary  movement  toward  a  specified  object.  This  pro- 
cedure was  designed  to  help  avoid  the  measure,  at  one  ex- 
treme, of  responses  which  might  be  closer  to  a  startle  reac- 
tion than  to  a  voluntary,  organized  movement,  and,  at  the 
other  extreme,  of  responses  confused  by  attention  directed 
toward  the  actual  act  of  manipulation,  as  when  more  than 
one  finger  is  used.5 

2.  The  majority  of  studies  in  which  conclusions  are  drawn  con- 
cerning the  relation  between  reaction  time  and  intelligence 
have  involved  simple  reaction  time  with  but  one  stimulus 
and  response ;  in  the  discriminative  or  choice  reaction  studies, 
the  mode  of  response  has  required  that  a  choice  be  made  not 
only  between  stimuli,  but  also,  in  the  response,  between  the 
two  hands  or  between  several  fingers  of  one  hand.6     In  the 


3  To  test  the  hypothesis  apparently  inherent  in  the  assumption  of  a  rela- 
tionship between  reaction  time  and  mental  ability,  that  both  are  governed  by  the 
velocity  of  nerve  impulses,  reflex  speed  has  been  correlated  with  scores  on  ' '  men- 
tal" (Rounds  (46))  or  "intelligence"  (Travis  and  Young  (54))  tests,  with 
"mental  age"  (Whitehorn,  Lundholm  and  Gardner  (57)),  and  with  simple 
reaction  time  (Lanier  (33)). 

*  Cattell,  Exner  (cf.  60,  pp.  305-306)  ;  James  (24). 

s  In  investigating  the  effects  on  reaction  time  of  attention  to  the  sensory 
stimulation  as  compared  with  attention  to  the  muscular  response,  Cattell  found 
that  the  reaction  time  of  one  of  three  reagents  "was  lengthened  by  attention  to 
the  movement — just  as,  in  ordinary  life,  the  smooth,  automatic  act  of  going 
down  stairs  is  disturbed  by  attention  to  one's  legs."     (cf.  60,  p.  307.) 

s  Gatewood  (16)  concluded  that  "there  are  measurable  differences  between 
the  reactions  of  the  several  fingers, ' '  both  in  speed  and  in  accuracy  of  response, 
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present  study  there  was  a  choice  of  stimulus  and  of  response 
key,  but  the  same  muscle  group  was  used  for  any  response. 
Historically,  a  reaction  involving  a  single  stimulus  and 
single  response  has  been  termed  an  a-reaction,  or  simple  re- 
action; one  involving  more  than  one  stimulus,  with  a  differ- 
ent response  to  each,  has  been  termed  a  b-reaction,  or  reaction 
with  discrimination  and  choice;  one  involving  response  to 
one  of  two  stimuli  while  requiring  absence  of  response  to  the 
other  has  been  termed  a  c-reaction,  and  was  considered  by 
Donders  to  involve  discrimination  only.  Wundt,  however, 
pointed  out  that  the  c-reaction  is  not  purely  a  discriminative 
reaction  but  involves  also  choice  of  "movement"  or  "no 
movement."7  Historically,  then,  in  classifying  similarly  all 
reactions  which  involve  multiple  stimuli  with  a  choice  of 
responses  many  different  types  of  reaction  have  been  grouped 
together.  Two  experiments  of  Donders  are  illustrative.  In 
one,  for  the  a-reaction  the  reagent  released  a  key  with  the 
finger  of  one  hand;  for  the  b-reaction  he  responded  to  one 
stimulus  with  the  right  hand  and  to  the  other  with  his  left 
hand;  for  the  c-reaction  he  responded  to  one  stimulus  with 
his  right  hand  and  made  no  response  to  the  other  stimulus. 
In  the  other  experiment,  for  the  a-reaction  the  reagent  re- 
sponded with  a  spoken  "Ki"  to  the  stimulus  of  a  spoken 
"Ki";  for  the  b-reaction  he  responded  with  whichever  one 
of  five  spoken  syllables  had  been  presented  as  a  stimulus; 
and  for  the  c-reaction  he  responded  only  to  a  particular  one 
of  the  five  syllables.  Donders  considered  the  middle  part  of 
both  of  these  experiments  a  b-reaction ;  it  seems  to  the  present 
investigator,  however,  that  in  the  first  situation  the  b-reaction 
is  less  directly  comparable  to  the  a-reaction  than  in  the 
second :  not  only  must  the  reagent  discriminate  between  the 
stimuli  and  choose  between  responses,  but  he  must  also  choose 
between  different  muscle  groups;  and  is  it  not  probable  that 
in  so  doing  his  response  includes  also  a  c-reaction  since  he 
must  avoid  a  wrong  response  by  the  hand  not  called  upon 
to  react?  Further,  when  but  one  muscle  group  is  involved 
in  the  b-reaction,  more  complete  readiness  to  react  is  possible 


and  in  speed  of  response  between  the  two  hands;  and  that  some  subjects  (those 
having  piano  practice  or  other  similar  practice)  show  less  difference  between 
the  fingers  than  do  others. 

i  An  excellent  discussion  of  the  early  attempts  to  measure  the  time  of  mental 
processes  by  finding  the  difference  between  the  times  of  these  types  and  of  the 
d-type  of  reaction  is  given  by  Woodworth  (60,  pp.  302  S.) 
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because  direction  of  movement  can  be  altered  after  the  re- 
active movement  has  begun.  The  methods  of  the  present 
study  correspond  to  those  of  Donders'  experiment  using 
spoken  syllables :  in  both  experiments  the  same  muscle  group 
is  involved  in  the  a-  and  throughout  the  b-reaction,  the  re- 
sponse differing  in  the  extent  or  direction  of  movement  of 
those  muscles. 

3.  Conclusions  concerning  the  relationship  between  reaction 
time  and  "intelligence"  have  rested  chiefly  upon  compari- 
sons of  college  instructors  or  students,  groups  highly  selected 
on  the  basis  of  the  latter  coordinate;  since  homogeneity  of 
an  experimental  group  tends  to  obscure  relationships,  in  the 
present  study  the  reagents  were  selected  for  their  disparity 
on  that  coordinate. 

4.  Whereas  most  studies  of  reaction  time  have  used  adults  as 
reagents,  the  reagents  in  the  present  study  were  children.8 
Adults  available  for  testing,  and  representing  divergent  I.Q. 
groups,  would  probably  also  represent  different  occupational 
groups.  Further,  the  relation  between  reaction  time  and 
mental  ability  might  be  a  function  of  the  particular  part  of 
the  age  span  involved  ;9  the  adults  used  as  reagents  in  many 
of  the  reaction-time  experiments  represent  an  age  range  dur- 
ing which  probably  some  members  of  the  group  are  at  their 
maximum  speed,  some  are  still  increasing  in  speed,  while  still 
others  in  the  group  have  passed  the  age  of  their  maximum 
speed;10  in  a  group  of  children  all  reagents  would  still  be 
increasing  in  speed.  And  it  is  possible  that  with  children 
the  reaction-time  test  has  not  the  same  significance  that  it 
has  with  adults.11 


s  In  previous  studies  in  which  reagents  were  children,  their  ' '  brightness ' ' 
was  judged  by  their  teacher  without  the  aid  of  objective  tests,  or,  where  objective 
tests  formed  the  basis  of  judgment,  the  group  represented  a  range  of  ability 
which  was  unreported  by  the  investigator. 

9  Lorge  (35)  says:  "The  problem  of  the  relationship  of  speed  of  reaction  to 
power  in  mental  ability  may  be  reopened  on  the  field  of  the  older  adult.  Speed  of 
reaction  is  on  the  decline  in  adults  after  age  thirty.  Earlier  in  the  life-span 
growth,  decline  and  plateau  may  be  the  status  of  different  individuals  in  a 
sample.  The  mixture  of  the  three  phases  may  obscure  the  true  relationships  of 
reaction  speed  to  mental  ability.  It  may  be  that  a  more  thorough  understanding 
of  the  nature  of  intelligence  will  be  obtained  by  considering  relationships  among 
adults  rather  than  among  children  or  youths. ' '  However,  it  seems  logical  to 
assume  that  children  within  the  particular  age-range  of  those  in  the  present 
experiment  would  all  be  in  the  same  phase  of  growth. 

io  Bellis  (4),  Euger  and  Stoessiger  (47). 

n  Luriia  (36),  in  reportng  on  his  testing  of  children  of  about  2 \  to  7  or 
8  years  of  age,  states :  ' '  The  reaction  to  a  signal,  as  we  know  it  in  the  human 
adult,  is  a  product  of  very  complex  development,  an  elaboration  which  arises  on 
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5.  Because  of  the  findings  of  many  investigators12  that  there  is 
a  most  favorable  interval  between  the  signal  and  the  presen- 
tation of  the  stimulus,  and  general  agreement  that  this  in- 
terval is  for  most  people  from  2"  to  1\" ,  work  on  the  relation 
of  reaction  speed  and  mental  ability  in  children  has  used, 
where  reported,  an  interval  varied  within  rather  narrow  lim- 
its around  2".  However,  it  has  been  found  that  the  length 
of  the  optimum  interval  varies  from  one  individual  to  an- 
other.13 Since  no  work  has  been  reported  on  the  other  at- 
tributes of  persons  whose  fastest  reactions  are  to  any  par- 
ticular optimum  length  of  interval,  it  is  possible  that  those 
with  the  longest  reaction  times  in  a  given  test  are  those  to 
whom  the  pre-presentation  interval  was  least  favorable.  In 
the  present  experiment,  therefore,  the  time  elapsing  between 
the  signal  and  the  presentation  of  the  stimulus  was  varied 
throughout  a  wider  range  of  interval  length,  and  was  con- 
trolled, each  length  used  occurring  the  same  number  of  times. 

6.  Many  investigators  have  chosen  to  correlate  speed  and  power 
by  simultaneously  measuring  rate  of  work  and  quality  of  per- 
formance on  the  same  material,  assuming  that  the  similarity 
of  task  for  both  measures  tends  best  to  isolate  the  two  test 
factors.  This  type  of  investigation  is  valuable  in  determin- 
ing quality  at  a  given  rate,  or  in  determining  rate  of  con- 
tinuous work.  Other  investigators  have  attempted  to  deter- 
mine the  reagent's  "customary"  rate  of  motion.14  The  mea- 
sure of  rate  of  work,  however,  is  a  measure  of  time  elapsed, 
and  includes  the  timing  of  such  factors  as  distraction,  per- 
sistence, and  fluctuation  of  attention,  which  are  important 


the  basis  of  other,  considerably  more  primitive  processes.  The  'simple  reaction' 
in  young  children  differs  from  the  reaction  of  adults  in  having  another  structure, 
and  characterized  by  a  marked  specificity  of  the  diffused  excitation,  a  weakness 
of  those  higher  regulating  mechanisms  which  are  undoubtedly  a  basic  phenom- 
enon in  the  neurodynamics  of  the  adult.  The  development  of  the  reactive 
processes  from  childhood  to  adult  does  not  by  any  means  take  place  by  the 
quantitative  improvement  of  the  process  but  through  a  qualitative  change  in 
structure  overcoming  primordial  diffusiveness  and  passing  over  into  a  new,  con- 
trolling, intricate,  functional,  organized  structure  of  the  reaction.  Those 
simple  movements  which  we  speak  of  as  'simple  reactions'  of  the  adult  are, 
really,  very  late  formations,  built  up  on  the  basis  of  the  suppressed,  diffused 
system  of  the  primitive  impulses."      (p.  338.) 

12  See  Todd  (53),  pp.  11-12,  for  a  review  of  early  researches  on  the  rela- 
tion between  interval  and  speed. 

is  Johnson  (26)  quotes  Woodworth,  R.  S.,  and  Poffenberger,  A.  T.,  "Ex- 
perimental Psychology"  (Mimeographed),  1920,  p.  191,  to  this  effect.  Philip 
(43)  says:  "Just  as  one  finds  quite  an  individual  variability  in  the  length  of  the 
reaction,  so  one  finds  a  large  variability  in  the  length  of  the  optimum  interval. ' ' 

i*  Harrison  and  Dorcus  (19). 
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influences  on  the  time  an  individual  actually  takes  to  per- 
form.    Just  as  the  test  of  mental  ability  used  in  selecting 
reagents  for  the  present  study  attempts  to  determine  what 
an  individual  can  do,  and  hence  to  minimize  the  influence  of 
such  factors,  so  it  was  desired  that  in  this  comparison  of 
"power"  and  speed  the  speed  test  determine  the  individual's 
ability  to  respond  quickly  rather  than  either  his  customary 
rate  of  motion  or  his  ability  to  maintain  a  speed. 
Evidence  of  relationship  between  reaction  speed  and  mental 
ability  would  probably  be  of  practical  value,  even  though  the  rela- 
tionship were  so  small  as  to  show  only  in  groups  divergent  enough 
in  mental  ability  to  make  a  standardized  intelligence  test  of  little 
use  in  distinguishing  them.     Chiefly  because  of  its  theoretical  sig- 
nificance, however,  it  is  considered  important  to  determine  the  pres- 
ence or  absence  of  a  relationship  between  the  facility  of  the  thinking 
process  and  the  facility  of  whatever  process  is  represented  by  the 
response  in  a  reaction-time  test.     The  study  here  reported  was 
designed  to  permit  a  relationship  between  I.Q.  and  speed  of  reac- 
tion, if  present,  to  show. 


CHAPTER  III 
THE  EXPERIMENT 

Description  of  Reagents 

All  reagents  were  public  school  children  in  the  Borough  of  Man- 
hattan, New  York.  Those  constituting  Group  H  were  all  of  the 
children  in  the  two  classes  for  the  gifted  at  P.S.  500,  the  Speyer 
School;  those  constituting  Group  L  were  chosen  by  pairing  each 
child  in  Group  H  with  a  child  of  the  same  sex  and  chronological 
age  but  whose  I.Q.  derived  from  the  Stanf ord-Binet  test  was  less  than 
94.1  All  children  in  P.S.  500  who  fitted  the  requirements  for  Group 
L  of  C.A.,  sex  and  I.Q.  were  included;  to  fill  as  many  as  possible  of 
the  remaining  places  children  were  brought  in  from  the  Hebrew 
Orphan  Asylum  and  then,  to  fill  the  still  remaining  places,  from 
P.S.  165.  In  no  case  was  there  a  choice  of  two  children  to  pair  with 
any  child  in  Group  H,  so  that  the  stated  factors  were  the  only  ones 
on  which  selection  was  made.  Table  I  describes  the  experimental 
groups.  There  was  in  no  case  a  discrepancy  of  more  than  two 
months  between  the  children  of  a  pair.  There  were  two  Negro  girls 
and  one  Negro  boy  in  both  Group  H  and  Group  L ;  Japanese- Amer- 
ican twins,  a  boy  and  a  girl,  in  Group  H  could  not  be  matched  for 
race. 

Data  based  upon  matched  pairs  sometimes  cannot  correctly  be 
generalized  to  a  population  of  unmatched  individuals,  since  the 
individuals  sought  for  pairing  can  be  found  in  only  a  specific  por- 
tion of  their  population  and  so  are  not  a  true  representation  of  it. 
If,  for  example,  the  reagents  in  the  present  study  had  been  college 
students,  the  individuals  in  the  L  groups  would  undoubtedly  not  be 
typical  of  college  age  people  of  I.Q.  below  94;  or,  had  the  young 
reagents  of  compulsory  school  attendance  age  been  selected  from 
opportunity  classes  they  would  probably  not  adequately  represent 
school  children  of  their  particular  I.Q.  range.  The  classes  for  the 
gifted  at  the  Speyer  School  were  made  up  of  children  chosen  with 
the  specific  intent  of  making  the  groups  representative  of  gifted 
school  children  in  the  City  of  New  York;  and  the  members  of  the 
L  groups  in  the  present  study  were  all  enrolled  in  regular  New  York 
public   school   classes.     Therefore,    whereas   technically   any   data 


i  The  intent  was  to  include  in  Group  L  only  children  with  I.Q.  between  70 
and  90 ;  in  a  few  cases  no  such  child  could  be  found,  and  children  of  requisite 
age  and  sex  were  included  whose  I.Q.  was  as  near  as  possible  to  the  desired  range. 
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based  upon  these  reagents  can  be  generalized  only  to  a  population 
of  matched  pairs,  it  is  believed  that  the  findings  would  not  be  ap- 
preciably different  from  results  characteristic  of  the  total  popula- 
tions from  which  the  pairs  were  drawn. 

Apparatus 

The  apparatus2  constructed  for  this  experiment  is  shown  in  the 
accompanying  picture  and  diagram.  All  electrical  equipment  was 
enclosed  in  a  case  so  that  the  only  parts  visible  were  the  five  light 
bulbs  and  six  smooth  black  buttons  on  the  reagent's  side,  and,  on 
the  experimenter's  side,  the  two  clock  faces  and  the  several  small 
lights  and  switches.  The  plug-in  cord  through  which  power  was 
supplied  was  the  only  wiring  which  could  be  seen. 

The  reagent's  side  of  the  box  had  a  small,  slightly  concave  button 
on  which  the  child's  finger  was  placed  at  the  "ready"  signal  and 
until  the  appearance  of  the  stimulus;  five  220- volt  one-watt  Neon 
bulbs  arranged  in  an  arc,  close  enough  to  one  another3  to  permit 
binocular  stimulation  without  change  of  focus;4  directly  beneath 
each  bulb  the  manipulating  button  of  the  telegraph  key  by  which 
the  light  was  extinguished.  The  telegraph  keys  were  submerged  so 
that  the  only  parts  visible  were  the  smooth  black  buttons  which  were 
flush  with  the  platform  and  arranged  in  an  arc  whose  radius  was 
the  distance  to  the  center  of  the  finger-rest :  from  the  center  of  any 
response  key  button  to  the  center  of  the  finger-rest  was  2  11/16 
inches.  Each  button  was  one  inch  in  diameter,  and  separated  from 
the  next  one  by  5/16  inch ;  the  buttons  were  placed  as  close  together 
as  could  be  done  while  still  keeping  them  clearly  separated,  in  order 
that  the  movement  from  the  finger-rest  to  the  end  response-buttons 
might  have  as  little  side  motion  as  possible.     The  tension  of  the 


2  The  experimenter  is  indebted  to  Professor  Irving  Lorge  for  the  general 
plan  of  having  the  reagent  use  the  same  finger  for  the  response  to  any  of  the 
five  reaction  keys,  as  well  as  for  the  arrangement  whereby  any  stimulus  light 
could  be  connected  with  any  response  key.  Professor  Lorge  also  specified  and 
ordered  the  parts  to  be  used  and  Mr.  George  Dzwons  designed  the  circuit  and 
housing,  to  meet  conditions  of  foreperiod  timing,  elimination  of  premature  reac- 
tions, signalling  of  incorrect  keys  touched,  relation  of  lights  and  keys  to  each 
other  and  to  the  finger-rest,  and  tension  of  keys,  specified  by  the  experimenter. 
The  keys  were  designed  by  Professor  Louis  William  Max  of  New  York  University. 
The  second  set  of  clocks  was  lent  to  the  experimenter  by  Professor  Lorge,  and 
it  was  through  him  that  the  special  keys  designed  by  Professor  Max  were  made 
available.  Funds  for  parts  and  labor  used  in  constructing  the  apparatus  were 
made  available  by  a  grant  from  the  Advanced  School  of  Education,  Teachers 
College,  Columbia  University. 

3  From  the  center  of  each  bulb  to  the  center  of  the  next  was  2|  inches. 

4  Poffenberger  (44)  found  an  increase  in  reaction  time  with  increase  in 
separation  of  the  stimulated  area  from  the  fovea,  and  faster  reactions  to 
binocular  than  to  monocular  stimulation. 
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DIAGEAM  OF  EEACTION-TIME  APPARATUS 


a.  .003  uf.  condensers 

b.  1-watt  Neon  bulbs 
e.   light  selector 

d.  key  selector 

e.  operator's  key 

f.  foreperiod  timer 

g.  reaction  timer 
h.  84  rectifier  tube 
i.   1.5  uf.  condenser 
j.   10  uf.  condenser 


k.  15  henry  400  ohm  choke 

1.  1500  ohm  10-watt  resistor 

m.  D.  P.  D.  T.  relay 

n.  finger-rest  pilot  light 

o.  finger-rest 

p.  on-off  pilot  light 

q.  power  transformer 

r.  on-off  switch 

s.  reaction  keys 

t.  error  lights 
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response  keys  was  so  adjusted  that  a  3-gram  weight  dropped  from  a 
height  of  5/16  inch  was  sufficient  to  break  the  circuit,  simultane- 
ously stopping  the  response-timing  clock  and  extinguishing  the 
stimulus  light. 

On  the  experimenter's  side  of  the  apparatus  were  a  small  bulb 
which  signalled  whether  the  reagent 's  finger  was  on  the  rest-button ; 
five  small  lights  which  indicated  any  response-button  incorrectly 
touched;  two  clocks,  on  one  of  which  was  recorded  the  time  elap- 
sing between  the  starting  of  the  preparatory  buzz  and  the  presenta- 
tion of  the  stimulus,  and  on  the  other  of  which  was  recorded  the  time 
elapsing  between  the  presentation  of  the  stimulus  and  the  correct 
response  by  the  reagent;  a  triple-contact  control  key,  the  pressing 
of  which  started  the  buzzing  foreperiod-timing  clock,  and  release 
of  which  simultaneously  stopped  that  clock,  presented  the  stimulus, 
and  started  the  second  clock  by  which  time  for  response  was  mea- 
sured ;  five  selector  switches  by  which  any  light  could  be  connected 
with  any  button ;  and  an  on-off  switch  supplying  or  cutting  off  cur- 
rent through  the  apparatus. 

A  pressure  of  21  grams  on  the  finger-rest  maintained  contact, 
illuminating  the  light  which  served  as  a  subsidiary  signal  to  the  ex- 
perimenter that  the  finger-rest  was  being  pressed,  and  making  pos- 
sible presentation  of  the  stimulus.  Release  of  the  finger-rest  broke 
the  circuit,  stopping  the  foreperiod-timing  clock  and  preventing  the 
stimulus-light  from  appearing;  since  the  clocks  made  an  easily 
audible  buzz  while  running,  the  reagent  could  tell  by  cessation  of 
the  sound  that  he  was  pressing  too  lightly  (if  at  all).  It  was  found 
desirable  to  have  some  signal  such  as  the  buzz  which  occurred 
throughout  the  preparatory  period  and  until  the  correct  response 
was  made,  to  indicate  during  the  preparatory  period  that  the  light 
would  come  on  at  any  time,  and  thus  keep  the  reagent  aware  that 
he  should  continue  to  watch  the  bulbs  :5  especially  during  the  longer 
intervals  it  was  found  that  otherwise  the  children  would  glance  up 
to  see  whether  the  machine  was  working  and  the  experimenter  at- 
tending to  business.  Construction  of  the  apparatus  so  that  the 
circuit  was  broken  by  release  of  the  finger-rest  before  presentation 
of  the  stimulus  had  as  its  purpose  the  prevention  of  premature  re- 
sponses, but  there  were  further  advantages  which  had  not  been 
predicted:  it  obviated  the  necessity  of  constant  reiteration  of  in- 


5  The  adults  acting  as  reagents  for  experiments  reported  by  Jenkins  (25) 
believed  that  they  were  reacting  faster  to  the  removal  than  to  the  onset  of  the 
stimulus  light,  "complaining  that  they  had  difficulty  in  attending  when  no  light 
was  present. ' '     (p.  36.) 
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structions  on  the  part  of  the  experimenter,  since  the  cessation  or 
absence  of  sound  served  as  a  reminder  to  the  reagent  to  press  the 
rest-button;  and  the  ability,  which  all  children  discovered  during 
the  practice  trials  through  their  over-eagerness  to  get  to  the  response 
key,  to  stop  the  buzz  and  prevent  the  presentation  of  the  stimulus 
seemed  to  give  them  a  feeling  of  control  over  the  situation  and  of 
active  participation  rather  than  mere  waiting  during  the  pre-pre- 
sentation  period. 

Two  sets  of  clocks  were  used  during  the  months  the  experiment 
was  in  progress.  The  two  clocks  originally  installed  in  the  appa- 
ratus were  the  Central  Scientific  Company's  high  impedance  im- 
pulse counters  #73510,  operating  at  60  cycles  a  second,  and  record- 
ing in  l/120ths  of  a  second.6  Whether  because  of  mechanical  inabil- 
ity to  vibrate  at  such  high  speed  under  continual  use,  or  because,  for 
ease  of  reading,  the  clocks  were  so  mounted  in  the  apparatus  box 
that  they  were  tilted,  one  clock  or  the  other  went  out  of  control  fre- 
quently enough  to  indicate  the  desirability  of  a  change.7  They 
were,  therefore,  replaced  by  the  Standard  Electric  Time  Company's 
clocks,  Model  S-l,  DC  Clutch,  recording  in  l/100ths  of  a  second; 
the  D.C.  clutch  was  thrown  by  direct  current  rectified  through  an 
84  tube  off  standard  60  cycle  alternating  current.  The  sound  of 
these  latter  clocks  in  operation  was  slight.  In  order  to  reproduce 
as  nearly  as  possible  the  conditions  under  which  the  experiment  had 
been  conducted  up  to  the  time  of  the  change  in  clocks,  one  of  the 
Cenco  timers  originally  used  was  wired  into  the  circuit  so  that  it 
buzzed  from  the  beginning  of  the  foreperiod  until  the  correct  re- 
sponse was  made.  Part  of  the  testing  of  the  first  two  sessions,  and 
all  of  the  testing  of  the  Third  Session,  a  unit  in  itself,  was  timed  by 
the  second  set  of  clocks. 

An  important  auxiliary  part  of  the  apparatus  was  a  large  mirror 
placed  back  and  slightly  to  one  side  of  the  reagent's  chair,  in  which 
the  experimenter  could,  with  only  slight  eye  movement  from  focus 
on  the  foreperiod-timing  clock,  watch  the  reagent's  fingers  before 
and  during  responses.  This  was  found  most  useful,  not  only  to 
discover  such  time-clipping  techniques  as  that  of  keeping  the  finger- 
rest  pressed  with  one  finger  while  the  others  dangled  just  over  the 
response  keys,  or  the  more  ingenious  device  of  extending  the  "fin- 
ger-tip" to  include  the  second  joint  of  the  finger,  thereby  appre- 


6  Scores  were  later  converted  to  l/100ths  of  a  second. 

i  Schlosberg  (44)  pp.  57-58,  reports  similar  experience  with  Cenco  Impulse 
Counters. 
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ciably  shortening  the  distance  to  be  traversed  to  the  response  but- 
ton; but  also  to  be  sure  that  each  child  was  using  the  most  advan- 
tageous technique  of  making  a  direct  motion  between  finger-rest  and 
response-button. 

An  adjustable  arm-rest,  suspended  by  a  single  cord  from  a  hori- 
zontal pole,  held  the  reagent's  forearm  at  a  uniform  height  slightly 
above  the  level  of  the  response  platform  of  the  apparatus,  and  per- 
mitted an  easy  swing  of  the  whole  arm  to  move  the  finger  from  the 
rest  to  the  response-button,  thereby  reducing  variability  of  tech- 
nique and  number  of  muscles  involved  in  the  movement.  An  ad- 
justable chair  permitted  raising  or  lowering  the  position  of  the  child 
in  relation  to  the  arm-rest  and  apparatus. 

Mode  of  Response 

The  reagent  placed  his  forearm  in  the  arm-rest,  and,  at  the 
"ready"  signal,  the  forefinger  of  his  preferred  hand  on  the  finger- 
rest;  on  appearance  of  the  stimulus,  he  touched  the  appropriate 
button  with  the  same  finger.  It  happened  that  every  child  pre- 
ferred the  right  hand. 

In  setting  up  this  experiment  in  which  it  was  desired  to  use 
several  lights  and  response  keys  the  experimenter,  as  has  been 
pointed  out,  chose  to  introduce  the  factor  of  the  larger  movement 
necessary  in  traversing  a  short  distance  to  the  response  key,  in  order 
to  avoid  what  was  considered  the  greater  disadvantage  of  dealing 
with  the  differential  facility  of  the  fingers;  and  since  it  was  there- 
fore necessary  to  traverse  the  distance  in  those  series  in  which  more 
than  one  light  and  button  were  used,  it  was,  of  course,  deemed  wise 
to  use  the  same  method  for  the  series  using  but  one  light  and  button. 

Premature  Responses 

The  separation  of  the  finger-rest  and  response  keys  made  it  pos- 
sible, as  has  been  explained  in  the  description  of  the  apparatus,  to 
eliminate  "false"  or  "premature"  reactions  mechanically,  instead 
of  having  to  identify  them  subjectively  or  eliminate  them  by  a  sta- 
tistical device.  The  advisability  of  some  such  control  over  the  re- 
agent's finger-position  before  the  stimulus  appeared  was  discovered 
during  preliminary  testing  with  another  machine,  when  it  was 
found  impossible,  even  by  use  of  the  mirror,  for  the  experimenter 
to  run  the  testing  efficiently  and  also  to  determine  accurately  the 
trials  in  which  the  child  was  anticipating  too  overtly  the  onset  of 
the  stimulus. 
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FOREPERIOD 

Since  the  desire  was  to  measure  the  speed  with  which  the  chil- 
dren could  respond  after  presentation  of  the  stimulus,  rather  than 
to  measure  this  plus  time-interval  judging'  ability,  and  because  of 
the  possibility  that  a  preparatory  interval  favorable  to  one  would  be 
disadvantageous  to  another  of  the  experimental  groups,  the  interval 
between  the  start  of  the  buzz  following  "ready"  and  the  appearance 
of  the  stimulus  was  varied  systematically  throughout  the  testing, 
from  one-half  second  to  seven  seconds  in  the  first  part  of  the  experi- 
ment, and  from  one-half  to  five  seconds  in  the  Third  Session.  The 
order  of  the  intervals  was  not  random ;  but  after  an  original  deter- 
mination by  chance  it  was  altered  just  enough  to  cause  each  interval 
length  to  precede  any  light  the  same  number  of  times,  and,  insofar 
as  possible,  to  be  followed  the  same  number  of  times  by  every  length. 

Procedure 

The  testing  was  conducted  in  a  darkened  room.  Since  there  was 
daylight  in  the  room,  even  though  alterable  in  amount,  only  a  rough 
approximation  of  light  uniformity  could  be  obtained;  however,  in 
view  of  the  findings  of  Froeberg,8  the  relative  stimulus-background 
brightness  was  considered  sufficiently  stable.  Instructions  and 
method  of  demonstrations  throughout  the  testing  were  standardized. 
Insofar  as  possible,  the  members  of  a  pair  of  children  were  tested 
successively,  or  at  least  on  the  same  morning  or  afternoon.9 

The  testing  of  each  child  continued  through  three  sessions  at 
each  of  which  the  child  was  in  the  room  from  16  to  30  minutes.  At 
the  beginning  of  the  First  Session,  the  apparatus  was  explained  and 
demonstrated  to  each  child,  who  then  was  allowed  five10  practice 
trials  using  correct  technique;  during  the  first  trials,  the  method 
was  corrected  when  the  most  efficient  one  was  not  adopted  initially. 
Five  practice  trials,  during  which  the  middle  light  and  key  were 
used,  preceded  the  testing  at  each  of  the  three  sessions.  The  demon- 
stration of  the  lights  to  be  used  and  the  keys  to  be  pressed  in  extin- 
guishing them,  and  one  practice  trial  for  each  light  and  key  to  be 
used  for  that  series,  preceded  each  of  the  tests. 


s  Froeberg  (15),  p.  33,  says:  "The  greater  the  intensity  of  the  stimulus,  the 
shorter  the  reaction-time,  until  the  intensity  of  the  stimulus  is  great  enough  to 
be  termed  'adequate,'  after  which  'even  a  change  of  50%  in  the  light  intensity 
will  make  a  difference  of  only  a  few  sigma  in  the  reaction  time. '  ' ' 

9  Kleitman,  Titelbaum  and  Feiveson  (32)  report  diurnal  variation  in  reac- 
tion time  consistent  for  the  five  reagents  used. 

io  In  preliminary  testing  it  had  been  determined  that  within  five  trials  a 
child  achieved  at  least  his  median  speed  of  the  23-trial  series  which  opened  the 
testing  period. 
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During  the  First  Session  the  child  completed  a  series  of  23  suc- 
cessful trials  on  each  of  three  tests;  in  the  Second  Session  he  com- 
pleted a  series  of  23  successful  trials  on  each  of  four  tests,  and  ended 
with  a  repetition  of  half  of  the  first  series  undertaken  in  the  testing, 
the  simplest  one,  using  only  the  middle  light  and  middle  key.  Dur- 
ing the  Third  Session,  besides  a  group  of  six  trials  at  the  beginning 
and  at  the  end  of  the  Session,  each  child  completed  a  series  of  24 
successful  trials  on  each  of  four  tests  on  which  he  had  previously 
been  tested. 

A  successful  trial  was  one  in  which  the  child  was  ready  and 
cooperating:  trials  interrupted  by  coughing  or  sneezing,  a  loud 
street  noise,  glancing  up,  or  other  similar  disturbance,  although 
recorded,  were  considered  invalid  and  were  repeated  at  the  end  of 
the  series.  During  the  Third  Session  trials  in  which  the  key  was 
missed  were  recorded,  and  substitute  trials  were  given  at  the  end 
of  the  particular  group  of  trials;  some  of  the  group  comparisons 
were  based  on  the  original  as  well  as  on  the  substitute  trials. 

The  Tests 

In  all  tests  only  one  light  appeared  at  a  time  and  had  only  one 
key  by  which  it  was  extinguished.  In  each  test  the  reagent  knew 
which  lights  were  to  be  used,  had  seen  which  were  the  correct  keys, 
and  realized  that  he  did  not  know  the  order  in  which  the  stimuli 
would  be  presented ;  he  understood  that  in  Tests  I,  II,  III  and  IV, 
the  correct  key  was  the  one  directly  beneath  the  stimulus  light,  and 
that  in  the  other  tests  the  correct  key  was  never  the  one  directly 
beneath  the  stimulus  light. 

Test      I :  a-reaction,  using  the  middle  light. 

Test    II :  ^-reaction,  2-choice :  the  second  and  fourth  lights. 

Test  III :  ^-reaction,  3-choice :  the  middle  and  extreme  lights. 

Test   IV  :  ^-reaction,  5-choice  :  all  five  lights. 

Test  xa :  A  simple  ' '  learning ' '  series  in  which  the  correct  but- 
ton was  removed  one  place  from  the  light,  in  a  coun- 
terclockwise direction:  light  #1  was  extinguished  by 
key  #2,  light  #2  by  key  #3,  light  #3  by  key  #4, 
light  #4  by  key  #5,  and  light  #5  by  key  #1. 

Test  xb  :  A  complex  learning  series  in  which  each  light-button 
combination  was  probably  more  of  a  unit  than  a  part 
of  a  pattern:  light  #1  was  extinguished  by  key  #3, 
light  #2  by  key  #1,  light  #3  by  key  #5,  light  #4 
by  key  #2,  and  light  #5  by  key  #4. 
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Test     i11 :  c-reaction .-  key  #3  extinguished  both  lights  #2  and 
#4;  instructions  were  to  react  as  quickly  as  possible 
to  light  #4,  but  not  to  react  to  #2.     Test  i  was  pre- 
ceded by  10  trials  using  the  middle  key  to  extinguish 
either  light  #2  or  light  #4,  each  light  being  pre- 
sented five  times  in  irregular  order ;  and  was  followed 
by  six  trials  in  which  light  #2  was  extinguished  by 
key  #2  and  light  #4  by  key  #4. 
In  any  test  the  order  of  presentation  of  the  different  lights  was 
obtained  by  shuffling  cards  and  then  altering  the  resulting  distri- 
bution where  necessary  to  make  each  light  follow  and  be  followed  by 
every  light  approximately  the  same  number  of  times. 

First  and  Second  Sessions 

For  the  first  two  sessions  each  pair  of  children  was  assigned  to 
one  of  four  groups  having  as  nearly  as  possible  the  same  average 
chronological  age  and  the  same  number  of  boys  and  girls.  Mem- 
bers of  each  of  these  groups  received  the  tests  in  a  different  order; 
from  treatment  of  results  it  was  hoped  to  determine  whether  the 
order  of  presentation  of  the  various  tests  appreciably  affected  per- 
formance on  them. 


Group 

Order  of  Presentation 

A 

Tests  I, 

II,        i;    III,     IV,      xa, 

xb. 

B 

"      I, 

II,        i;      IV      xb,    III, 

xa. 

C 

"      I, 

IV,     xb ;         i,      xa,      II, 

III. 

D 

"      I, 

xb,     xa;     IV,     III,         i, 

II. 

By  the  end  of  the  Second  Session,  each  child  had  completed,  in- 
cluding trials  at  the  beginning  and  end  of  the  Second  Session  and 
those  involved  in  Test  i,  a  total  of  193  successful  trials. 

Third  Session 

Procedure  throughout  the  Third  Session  was  the  same  for  all 
individuals.  Members  of  a  pair  were  tested  on  the  same  morning 
or  afternoon  of  the  same  day. 

For  this  final  session,  it  was  desired  not  only  to  equalize  as  much 
as  possible  the  influence  of  the  order  in  which  the  tests  were  pre- 
sented but  also  to  have  all  children  go  through  the  same  procedure, 
receiving  the  tests  in  the  same  order.  Therefore,  each  test  was  di- 
vided into  four  parts  of  six  trials  each,  and  every  child  had  six  trials 
each  of  the  following  tests :  I,  II,  III,  IV;  IV,  III,  II,  I ;  (rest) ;  IV, 


I1  Results  of  Test  i  are  not  included  in  the  present  report. 


YOUNG  INTELLECTUAL  DEVIATES  27 

III,  II,  I ;  (rest)  ;  I,  II,  III,  IV.  In  order  to  reduce  the  effect  of  the 
initial  and  final  positions  of  parts  of  any  of  the  four  tests,  each  child, 
before  starting  on  the  experimental  series,  did  a  group  of  six  trials 
using  the  middle  light;  and  he  knew  that  after  the  tests  he  was  to 
do  another  group  of  six  trials  using  all  five  lights.  Before  starting 
on  even  the  preliminary  group  each  child  was  told  the  pattern  of  the 
complete  test  session,  and  both  after  the  first  four  and  after  the  first 
eight  groups  of  trials  it  was  made  certain  that  he  understood  the 
pattern  of  what  was  to  follow,  including,  of  course,  the  final  group 
of  six  trials. 

On  entering  the  testroom,  each  child  was  told  that  this  was  the 
time  that  really  counted  most :  only  his  speediest  score  was  wanted 
to-day,  so  that  this  time  if  he  should  miss  the  button  or  accidentally 
hit  the  wrong  one,  he  should  tell  the  experimenter  who  would  not 
count  that  trial. 

The  Third  Session  was  apparently  the  most  successful  of  all; 
every  child  expressed  preference  of  it  over  the  previous  sessions, 
and  seemed  thoroughly  to  enjoy  it.  Enthusiastic  appraisal  of  per- 
formance at  the  end  of  the  preliminary  group,  and  praise  at  three 
other  places  throughout  the  Session,  are  believed  to  have  contributed 
to  the  enjoyment.  Much  of  the  success  of  the  Session,  however,  was 
probably  inherent  in  the  design:  moving  rapidly  from  test  to  test, 
possible  because  of  the  familiarity  of  each  child  with  the  situations, 
kept  interest  in  all  four  series  high  throughout  the  24  trials  of  each. 
And  confidence  in  ability  to  control  which  trials  should  be  counted 
may  have  improved  performance. 


CHAPTER  IV 

TREATMENT  OF  DATA  AND  RESULTS  OF  COMPUTATION 

Individual,  Scores 

The  individual's  score  was  a  function  of  the  time  of  his  reactions 
in  a  test  series,  rounded  to  the  nearest  hundredth  second.  Except 
where  otherwise  specified,  this  function  was  the  mean  reaction  time. 

In  order  to  have  a  score  unaffected  either  by  premature  responses 
or  by  inattention,  previous  investigators  of  reaction-time  phenomena 
have  customarily  used  the  median  of  trials  as  an  individual's  score. 
In  the  present  experiment  one  end  of  the  distribution  of  times  of 
trials  was  restricted  by  prevention  of  premature  responses;  it 
seemed  suitable  to  curtail  the  other  end  in  some  way,  and  the  three 
slowest  responses  in  each  series  were  therefore  discarded.  The 
fastest  20  trials  of  the  23-trial  series  were  chosen  instead  of  19  or  21 
in  order  to  simplify  computation,  and  because  there  were  breaks 
in  the  distributions  of  the  individuals'  times  for  any  series  between 
the  main  body  of  the  distributions  and  the  times  of  about  three 
trials.  It  was  considered  wiser  to  set  an  arbitrary  number  of  trials 
to  discard  than  to  attempt  to  judge  each  distribution  separately; 
and  because  of  the  skewness  of  the  distributions  any  criterion  based 
on  a  measure  of  deviation,  such  as  a  three-standard-deviation  yard- 
stick, was  unsatisfactory.  As  one  object  of  the  present  experiment 
was  to  determine  whether  the  members  of  any  group  differed  from 
those  of  any  other  in  their  individual  variability  as  well  as  in  their 
speed  of  response,  there  was  some  special  interest  in  basing  com- 
parisons both  on  scores  indicating  the  quality  of  the  majority  or 
all  of  each  individual's  responses  and  also  on  those  representing 
his  best  trials.  In  order  to  see  whether  reduction  of  each  reagent's 
variability  of  response  would  significantly  reduce  the  speed  differ- 
ences between  the  groups,  certain  basic  comparisons  were  computed 
from  scores  of  the  fastest  10  instead  of  the  fastest  20  trials. 

In  the  Third  Session  both  ends  of  the  distribution  of  an  indi- 
vidual's times  were  effected,  one  by  the  apparatus  and  the  other  by 
the  discarding  of  trials  in  which  the  reagent  reported  he  had  not 
been  ready  or  had  missed  the  correct  key.  Although  the  children 
could  decide  not  to  count  any  particular  trial,  actually,  as  is  evi- 
dent in  Table  II,  for  any  test  the  average  number  of  trials  discarded 
by  any  group  for  any  reason  was  fewer  than  the  three  trials  arbi- 
trarily discarded  by  using  only  the  fastest  20  of  the  23  trials  in  the 

28 


YOUNG  INTELLECTUAL  DEVIATES 


29 


First  and  Second  Sessions.  The  girls  averaged  fewer  discarded 
trials  for  the  session  than  the  boys,  with  the  H  girls  discarding 
slightly  fewer  and  the  H  boys  somewhat  more  trials  than  the  L 
groups,  but  differences  were  in  all  cases  small  and  not  consistent 
for  the  separate  series;  the  L  groups  discarded  somewhat  more 
trials  in  Test  I  and  somewhat  fewer  in  Tests  III  and  IV  than  did 

TABLE  II 

Average  Number  of  Trials  Termed  Invalid  By  Beagents 
During  the  Third  Session 


Test 

Boys 

Girls 

H 

L 

H 

L 

I 

II 

Ill 

IV 

Total 

0.81 
2.39 
2.42 
2.42 
8.04 

1.32 
2.36 
1.76 
2.04 

7.48 

0.84 
1.56 
1.96 
2.08 
6.44 

1.21 

2.17 
1.79 
1.58 
6.75 

the  H  groups.  Computations  of  differences  between  pairs  of  re- 
agents for  the  Third  Session  were  based  on  mean  as  well  as  median 
scores  both  of  original  and  of  "good"  trials  for  the  purpose  of 
determining  whether  trials  replacing  those  the  reagent  considered 
invalid  altered  the  resultant  medians  as  much  as  the  means,  and 
whether  by  repeating  trials  either  the  H  or  L  groups  increased  their 
relative  speed  appreciably  more  than  did  the  other  groups.  In  gen- 
eral, as  is  shown  in  Table  VII  (p.  37),  the  difference  between  the 
girls  was  decreased  and  the  already  highly  significant  difference 
between  the  boys  was  increased  by  the  substitution  of  trials.  Ex- 
ceptions were  the  differences  between  pairs  of  girls  in  Tests  II  and 
IV :  the  differences  in  mean  time  were  increased  by  the  substitution 
of  trials,  indicating  that  in  these  two  tests  there  was  a  greater  dif- 
ference between  the  times  of  discarded  and  of  substitute  trials  of 
the  H  than  of  the  L  girls.  Differences  between  results  using  origi- 
nal and  those  using  substitute  trials  were  not  considered  sufficient 
to  merit  repeating  computations  in  order  to  use  both;  since  the 
invalidity  of  the  discarded  trials  was  the  assumption  on  which 
substitute  reactions  were  obtained,  further  computations  of  Third 
Session  results  are  based  upon  the  24  good  trials. 

Reliability  of  the  Tests 

The  reliability  of  each  test  was  computed  by  the  Pearson  prod- 
uct-moment method  of  correlation  applied,  (a)  to  the  results  of  each 
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test  given  in  different  sessions;  and  (b)  to  the  results  of  each  test 
given  during  the  Third  Session.  In  determining  reliabilities,  all 
of  the  coefficients  were  computed  from  scatter  diagrams  in  which 
the  100  cases  were  plotted,  not  from  the  same  zero  point,  but  as 
deviations,  on  the  separate  group  (HB,  LB,  HG  or  LG)  scatter 
diagrams,  from  the  array  or  column  containing  the  mean  of  that 
group.  Because  of  the  differences  between  the  means  of  the  various 
groups  for  any  test,  the  correlation  coefficients  computed  from  scores 
treated  as  deviations  from  the  separate  group  means  are  somewhat 
lower  than  those  computed  from  scores  treated  as  deviations  from 
a  fixed  point. 

The  sum  of  the  times  of  all  24  trials  of  each  test  of  the  Third 
Session  was  correlated  with  the  sum  of  the  times  of  the  fastest  20 
trials  of  that  same  test  given  in  the  First  or  Second  Session.  Re- 
sults appear  in  Table  III ;  subscript  3rd  refers  to  the  Third  Session, 
and  subscript  1st  to  the  First  or  Second  Session.  For  each  test  of 
the  Third  Session  the  sum  of  the  times  of  the  first  and  fourth  of 
the  four  groups  of  six  trials  was  correlated  with  the  sum  of  the 
times  of  the  second  and  third  groups  of  trials.  In  Table  III  are 
given  results  of  such  computation  as  well  as  results  after  applica- 
tion of  the  Spearman-Brown  prophecy  formula ;  subscript  14  refers 

e  24 

to  the  first  and  fourth  groups  of  trials  (ZX  +  LX),  and  subscript 

1  19 

12  18 

23  to  the  two  middle  groups  (ZX  +  ZX). 

7  13 

TABLE  III 

Reliability  op  the  Tests 

N  =  100 


Correlation  of  each  test  of  the  Third 

Session  with  the  fastest  20  trials  of 

the  same  test  in  the  First  or 

Second  Session^ 

Correlation  of  half  of  each  test  of  the 

Third  Session  with  the  other  half 

of  the  same  test 

Test 

'"lst  ■  3rd 

S]st  T 

Ssrdt 

**14  •  23 

Sut 

Szst 

r 
(corrected) 

I 

II 

III 

IV 

.77 
.71 
.67 
.70 

5.49 
9.64 
8.71 
9.68 

4.64 
5.18 
5.57 
5.89 

.86 
.85 
.87 
.89 

4.93 
5.26 
6.11 
5.86 

4.34 
5.37 
5.56 
6.19 

.92 
.92 
.93 

.94 

t  No  adjustment  has  been  made  for  the  different  orders  of  presentation 
of  the  various  tests  in  the  First  and  Second  Sessions. 

t  Standard  deviations  of  total  time  have  been  reduced  to  standard  devia- 
tions of  mean  scores. 
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Correlations  between  tests  given  in  different  sessions  are  appre- 
ciably lower  than  the  self -correlation  of  tests  given  in  the  Third 
Session :  it  is  known  that  results  of  reaction-time  tests  given  to  the 
same  groups  on  different  days  are  not  identical ;  and  it  is  reasonable 
to  assume  that  the  difference  in  procedure  of  the  First  or  Second 
and  of  the  Third  Session  influenced  the  correlations. 

Group  Differences  in  Reliability  of  the  Tests 

In  order  to  determine  whether  the  reliability  of  the  tests  differed 
for  the  H  and  L  groups,  coefficients  of  the  reliability  of  Tests  I  to 
IV  were  computed  for  the  two  groups  separately,  and  the  signifi- 
cance of  the  difference  between  the  reliability  of  each  test  for  the 

two  groups  determined  by  applying  the  t-test,  t=— — -,  in  which 

S^i— z  2 


Zi  =  ^loge  ( )  and  z2  =  ^loge  ( f  land  s*i  -  *2  =  ■*  / — f- 


=  WT= 


Jl-tJ  \l-r2/  \Nx-3     N2  -  3 

As  for  the  combined  groups,  the  self-correlations  of  the  tests 
given  during  the  Third  Session  were  for  both  H  and  L  groups 
higher  than  the  correlations  between  tests  given  during  different 
sessions.  The  H  group  was  much  less  consistent  than  the  L  group 
in  the  mean  time  on  test  and  re-test,  except  on  Series  I ;  for  the 
tests  given  during  the  Third  Session  there  was  little  difference 
between  the  reliability  coefficients  for  the  two  groups  except  on 
Series  III  for  which  the  reliability  of  the  test  was  significantly 
greater  for  the  L  than  for  the  H  group.1 

Correlations  between  Tests 

Individual  consistency  in  relative  mean  speed  from  series  to 
series  was  determined  by  computing  Pearson  product-moment  cor- 
relations between  the  individuals'  times  on  different  tests  of  the 
Third  Session.     Results2  given  in  Table  V  show  that  in  successive 


1  From  these  data  alone  it  is  not  possible  to  tell  whether  the  difference  be- 
tween the  groups  in  reliability  of  the  tests,  as  measured  by  correlations  of  times 
obtained  during  different  sessions,  indicates  that  fewer  individuals  in  the  L 
group  showed  practice  effect  or  that  more  were  able  to  maintain  interest  in  the 
first  test;  a  plausible  explanation  might  be  that  there  were  more  individuals  in 
the  H  group  who  were  unable  to  maintain  high  interest  in  the  long  series  of 
repetitions  of  trials  on  each  test  during  the  First  and  Second  Sessions,  but  who 
showed  improvement  in  the  Third  Session  because  of  keener  interest  maintained 
throughout  each  test.  Nor  is  it  possible  to  tell  the  cause  of  the  greater  relia- 
bility for  the  L  group  of  Series  III  in  the  Third  Session;  members  of  the  H 
group  might  be  less  able  than  those  of  the  L  to  keep  from  attempting  to  predict 
the  position  of  the  next  stimulus. 

2  As  might  be  expected,  these  correlations  are  noticeably  higher  than  those 
reported  by  other  workers  for  simple  and  discriminative  reaction  tests.  Lanier 
(33),  for  example,  reports  an  average  correlation  of  .44  between  discrimination 
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series  the  ranking  of  the  individuals  changed  but  little  and  that 
even  between  the  one-light  and  the  five-light  series  individuals  main- 
tained to  a  rather  high  degree  their  positions  in  relation  to  the  other 

reagents. 

TABLE  V 

Correlations  Between  Mean  Scores  of  100  Beagents  on  Different 
Tests  of  the  Third  Session 


Correlations} 

Standard  Deviations 

Test 

r 

Test 

s 

I  •  II      

.91 
.92 
.96 
.83 

I 

II 

III 

IV 

4.57 

II  •  III    

Ill  •  IV    

5.20 
5.63 

I  •  IV    

5.98 

t  Each  score  was  plotted  as  a  deviation  from  its  group  mean. 

Mean  Time  on  Each  Test 

For  each  group  the  mean  of  the  individual  mean  times  for  each 
of  the  test  series  is  given  in  Table  VI. 

The  absolute  time  of  response  of  the  L  boys  for  the  a-reaction 
is  seen  to  be  rather  similar  to  that  of  the  H  boys  for  the  2-light 
b-reaction  test;  the  time  of  the  L  groups  is  greater  on  the  2-light 
test  than  is  that  of  the  respective  H  group  on  the  5-light  test.  For 
no  group  was  there  much  difference  in  mean  time  on  the  3-  and  on 
the  5-light  tests. 

During  the  First  and  Second  Sessions,  when  all  23  trials  of  a 
series  were  given  successively,  the  mean  time  on  Test  IV  was  for 
all  groups  except  the  H  girls  somewhat  faster  than  the  time  on 
either  Test  II  or  III,  and  for  the  H  girls  it  was  faster  than  on  Test 
III ;  during  the  Third  Session,  when  each  series  was  broken  into 
four  parts,  the  mean  time  increased  from  Test  I  to  Test  II  to  Test 
III,  and  was  about  the  same  for  Tests  III  and  IV.  It  is  possible 
that  during  the  long  series  there  was  an  attempt  to  guess  which 
light  would  go  on  next,  in  the  2-  and  3-light  tests,  but  a  tendency  to 
handle  the  5-light  test  more  in  the  manner  of  the  1-light,  merely 
waiting  for  whatever  stimulus  appeared  rather  than  trying  to  pre- 


and  simple  reaction-time  tests,  and  Lemmon  (34)  correlations  ranging  from  .27 
to  .54.  However,  the  discrimination  test  used  by  the  former  investigator  was 
of  the  c-type,  and  the  test  of  discrimination  with  choice  involved  both  hands ; 
that  used  by  the  latter  involved  discrimination  between  different  numbers  of 
lights,  with  response  calling  for  choice  between  the  two  hands.  It  is  to  be  re- 
membered that  in  the  present  study  the  discrimination  and  choice  were  of  posi- 
tion only,  and  all  responses  involved  the  same  muscle  group. 
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TABLE  VI 

Mean  of  Mean  Eeaction  TimeI  for  All  Sessions 


Test 

Boys 

Girls 

Trials 

EX 

L 

E\ 

L 

N-26 

N-25 

N-25 

N-25 

N-24 

N-24 

I 

36.32 

36.31 

42.76 

40.46 

40.62 

44.19 

Fastest  20  trials 

II 

43.56 

43.32 

54.17 

45.33 

45.46 

55.49 

in  First  and 

III 

44.56 

44.41 

56.07 

49.08 

49.07 

55.71 

Second  Ses- 

IV 

41.77 

41.66 

53.86 

46.77 

46.76 

53.74 

sions 

xa 

67.49 

67.33 

98.09 

72.98 

73.26 

102.79 

xb 

141.10 

140.11 

185.47 

152.62 

154.22 

212.51 

24  "good" 
trials  in  Third 
Session 

I 

34.57 

34.48 

40.33 

38.33 

38.45 

41.73 

II 

39.96 

39.89 

46.51 

43.12 

43.27 

48.14 

III 

42.29 

42.20 

49.63 

45.99 

46.09 

50.91 

IV 

42.25 

42.13 

49.55 

45.64 

45.77 

50.70 

24   original 
trials  in  Third 
Session 

I 

35.59 

35.51 

41.45 

37.67 

39.19 

42.79 

II 

42.50 

42.43 

48.98 

45.29 

45.53 

50.93 

III 

44.42 

44.32 

52.18 

47.96 

48.11 

52.86 

IV 

44.58 

44.51 

51.87 

47.84 

48.06 

52.15 

t  Times  are  given  in  hundredths  of  a  second. 

X  For  the  H  groups  in  each  case  are  given  the  means  for  the  total  group  as 
well  as  the  means  for  those  individuals  used  in  paired  computations. 

diet  which  it  would  be ;  and  that  during  the  broken  series  there  was 
less  temptation  to  predict,  since  it  was  difficult  to  remember  how 
many  times  any  particular  stimulus  had  already  appeared. 

Difference  in  Speed  between  the  Pairs  of  Reagents 

Because  of  the  relationship  found  by  previous  investigators 
between  reaction  time  and  both  chronological  age  and  sex,  the 
reagents  in  the  present  experiment  were  paired  on  these  bases,  with 
one  member  of  the  pair  a  child  of  high  and  the  other  member  a  child 
of  low  I.Q.  Differences  between  the  pairs  of  reagents  were  deter- 
mined, and  their  significance  evaluated  by  application  of  "Stu- 
dent's" t-test  for  unique  samples.3 

For  the  25  pairs  of  boys  and  the  24  pairs  of  girls  differences 
between  the  scores  of  each  pair  were  evaluated  for  each  test  of  all 
sessions.  For  each  group,  the  sum  of  the  squared  deviations  from 
the  mean  difference  (x)  between  the  pairs  of  reagents  was  divided 
by  the  number  of  degrees  of  freedom  (24  for  boys;  23  for  girls), 
giving  the  mean  square  or  variance,  the  square  root  of  which  yields 
the  standard  deviation  (s).  The  standard  error  (s*)  was  derived 
by  dividing  the  standard  deviation  by  the  square  root  of  the  num- 


3  The  procedures  followed  are  those  described  by  Snedecor  (51). 
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ber  of  differences.  In  judging  the  significance  of  the  mean  differ- 
ences obtained  the  hypothesis  that  no  difference  existed  between  the 
groups,  the  scores  of  whose  member  pairs  were  being  compared,  was 

2£ rn 

assumed  and  tested  by  the  formula  t  = (in  which  m  =  0,  since 

"no  difference"  is  assumed).  As  quoted  from  R.  A.  Fisher  by 
Snedecor,  the  5%  and  the  1%  levels  of  t  for  24  degrees  of  freedom 
are  2.064  and  2.797,  respectively,  and  for  23  degrees  of  freedom 
are  2.069  and  2.807,  respectively.  According  to  these  values,  for 
the  25  pairs  of  boys  a  value  of  t  as  great  as  2.797  would  be  expected 
to  occur  only  once  in  100  similarly  obtained  samplings  of  reaction 
times  if  there  were  really  no  difference  in  reaction  speed  between 
the  group  of  boys  for  that  test ;  a  t- value  of  2.064  would  be  expected 
to  occur  5  times  in  100  samples.  For  the  boys,  any  value  of  t  which 
exceeds  2.797  might  be  considered  an  indication  that  the  null 
hypothesis  may  be  rejected  with  a  confidence  of  99  percent,  and 
that  the  results  are  representative  of  different  grades  of  ability  in 
reaction  speed.  Whether  one  is  willing  to  reject  the  hypothesis  of 
similarity  of  the  experimental  groups  on  odds  of  99  to  1  against 
similarity,  or  to  accept  a  conclusion  of  difference  between  the  groups 
on  odds  of  only  19  to  1  (fiducial  probability,  95%)  against  similar- 
ity, is  a  matter  of  personal  preference.*  In  tables  of  the  present 
report  in  which  values  of  t  are  given,  values  below  the  5%  level  are 
unmarked,  those  between  the  5%  and  1%  levels  are  followed  by  a 
single  asterisk,  and  those  in  excess  of  the  1%  level  by  a  double 
asterisk. 

Inspection  of  Table  VII  reveals  that  in  all  tests  and  sessions  the 
H  boys  were  definitely5  faster  than  the  L  boys.  This  difference 
holds  whether  comparison  is  by  median  time  or  by  mean  of  the  fast- 
est ten  or  the  fastest  twenty  trials  of  the  First  and  Second  Sessions, 
or  by  mean  or  median  time  of  either  the  original  or  the  good  trials 
of  the  Third  Session.  Although  the  H  girls  exceeded  the  L  girls  in 
speed  in  all  tests  of  all  sessions,  differences  between  the  girls  is 
somewhat  less  marked  in  Test  I,  and  in  the  median  time  of  Test  III 
of  the  Third  and  Test  IV  of  the  earlier  sessions ;  had  no  trials  been 


4  Davenport  and  Ekas  (9),  p.  38,  term  "significant"  any  t-value  greater 
than  that  at  the  5%  level. 

5  In  the  present  report,  a  difference  between  groups  is  termed  definite  when 
it  is  such  that  there  is  but  one  chance  in  100  that  the  two  experimental  groups 
are  drawn  from  populations  not  actually  different  on  whatever  is  the  basis  of 
comparison.  .  The  groups  are  considered  moderately  or  somewhat  different  when 
the  difference  found  indicates  that  there  are  between  one  and  five  chances  in 
100  that  the  experimental  groups  do  not  represent  populations  differing  in  the 
characteristic  tested. 
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discarded  in  the  Third  Session,  differences  between  the  girls  in 
mean  time  of  Tests  III  and  IV  would  have  been  less  definite  than 
they  were  after  inclusion  of  substitute  trials. 

Results  of  the  more  complex  test  series  are  difficult  to  interpret 
correctly.  It  is  believed  that  Test  xa  is  directly  comparable  to  the 
simpler  series  of  the  experiment,  involving,  in  addition  to  what  is 
required  by  the  other  tests,  an  ability  to  inhibit  the  response  toward 
the  stimulus  light  and  redirect  it  quickly  somewhat  away  from  the 
light.6  It  is  possible  that,  being  a  learning  test,  Test  xb  is  not 
rightly  included  here  as  a  reaction-time  test:  chance  plays  a  part 
of  indeterminate  size;  some  reagents  stress  speed  and  some  accu- 
racy; some  reagents  who  attempt  to  learn  the  combinations  and 
also  to  react  quickly  become  emotionally  confused  as  they  might  not 
if  they  were  trying  to  achieve  either  criterion  alone.  In  compari- 
sons of  performance  on  the  two  tests  speed  and  accuracy  have  been 
considered  separately  and  also  as  interdependent  factors.  When 
the  median  of  the  23  trials  of  the  series  is  used  as  the  individual's 
score  for  that  test,  comparisons  for  both  Tests  xa  and  xb  show  the 
H  groups  to  be  definitely  faster  than  the  respective  L  groups.  In 
Test  xa,  the  H  and  L  groups  made  about  the  same  number  of  errors ; 
in  Test  xb,  however,  the  L  Girls  made  somewhat  more  errors  than 
did  the  H  Girls,  and  the  L  Boys  made  definitely  more  errors  than 
did  the  H  Boys.  Since,  in  Test  xb,  the  slower  groups  made  more 
errors,  both  in  number  of  trials  in  which  wrong  keys  were  pressed 
and  in  total  number  of  wrong  keys  pressed,  the  possible  explana- 
tion immediately  becomes  apparent  that  some  or  all  of  the  extra 
time  was  used  in  pressing  wrong  keys.  On  the  other  hand,  it  is 
reasonable  to  assume  that  it  may  take  at  least  as  long  to  consider 
pressing  certain  keys,  rule  them  out  as  wrong  and  decide  on  the 
correct  key,  as  it  takes  to  determine  the  Tightness  or  wrongness  of 
the  keys  by  actually  touching  them.  Viewed  as  wrong  keys  con- 
sidered, errors  could  be  made  with  or  without  manipulation.  Any 
method  is  rather  arbitrary  by  which  to  evaluate  the  performances 
of  reagents  who  overtly  make  many  mistakes  quickly,  of  those  who 
make  few  overt  mistakes  but  take  more  time,  and  of  those  whose 
learning  is  indicated  by  the  fact  that  they  make  fewer  mistakes  at 
the  end  than  at  the  beginning  of  the  series  or  that  they  make  no 


s  In  about  87%  of  the  erroneous  trials  in  Test  xa  the  key  first  tried  was 
either  the  one  directly  beneath  the  stimulus  light  or  the  one  next  to  it  but  in  a 
clockwise  instead  of  counter-clockwise  direction.  Most  of  the  errors  of  the  L 
groups  were  of  the  latter  type,  whereas  those  of  the  H  groups  were  predomi- 
nantly to  the  key  directly  beneath  the  stimulus  light. 
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mistakes  on  certain  light-key  combinations  throughout  the  series. 
Comparison  of  the  medians,  as  well  as  of  the  means,  of  only  the 
correct  trials  of  Test  xb  reduces  the  differences  between  H  and  L 
groups  markedly.  However,  the  use  of  only  correct  trials  is  of 
little  value  in  this  series :  most  of  the  scores  are  based  on  few,  in 
some  cases  only  one  to  four,  trials;  and  it  is  impossible  to  deter- 
mine for  any  reagent  whether  the  few  "correct"  trials  represent 
knowing  accuracy  or  merely  luck  in  trying  the  correct  key  first. 
The  task  set  by  Test  xb  was  the  same  as  that  set  by  the  other  tests, — 
to  get  to  the  right  key  as  quickly  as  possible ;  as  in  the  other  tests, 
the  time  of  the  trial  was  the  time  elapsing  between  the  onset  of  the 
stimulus  and  the  touching  of  the  right  key.  So  understood,  the 
score  on  Test  xb,  as  on  the  other  series,  should  be  the  time  taken  to 
accomplish  the  task  set.  The  H  groups  were  definitely  faster  than 
the  respective  L  groups  in  total  time  of  the  trials  as  well  as  on  the 
median  time  of  all  trials  of  Test  xb.  In  Test  xa,  when  the  indi- 
vidual's score  is  the  total  time  of  the  trials,  or  either  the  median  or 
the  mean  of  just  those  trials  in  which  no  error  was  made,7  results 
of  comparisons  are  similar  to  those  based  on  medians  of  the  entire 
series:  the  H  groups  are  definitely  faster  than  the  respective  L 
groups. 

Deceleration  from  Test  to  Test 

Differences  between  the  groups  in  decrease  in  speed  from  test 
to  test  were  determined  by  subtracting  each  individual's  time  on 
one  from  the  time  on  another  test  of  the  Third  Session,  and  finding 
the  t-value  of  the  difference  between  pairs  of  reagents  in  the 
amount  by  which  each  member  was  slower  on  one  test  than  on  the 
other.  Comparisons  of  decrease  in  speed  to  increase  in  number  of 
lights  used  are  probably  more  valid  when  based  on  results  of  the 
Third  Session  than  on  the  First  and  Second  Sessions  since  during 
the  Third  Session  each  individual  reacted  to  Tests  I,  II,  III  and  IV 
in  one  test  session  and  the  order  of  presentation  of  the  tests  made 
direct  comparisons  of  them  particularly  suitable.  Comparisons  of 
decrease  in  median  speed  only  are  reported  for  Tests  I,  II,  III  and 
IV  of  the  First  and  Second  Sessions  in  order  to  provide  as  much 
continuity  as  possible  in  the  comparisons  for  Tests  xa  and  xb  which 
were  given  during  just  the  earlier  sessions  and  for  which  median 


^  In  using  only  the  correct  trials  of  Test  xa,  the  scores  are  based  on  ten  or 
more  trials  in  all  but  four  of  the  100  cases;  in  all  but  nine  cases  the  scores  are 
derived  from  15  or  more  correct  trials. 
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time  is  considered  the  most  adequate  measure  of  the  individual's 
time. 

During  the  First  and  Second  Sessions  the  L  boys  were  slowed 
down  more  than  were  the  H  boys  by  the  increase  from  one  to  two, 
three  or  five  stimulus  lights,  but  not  appreciably  so  during  the  Third 
Session  ;8  in  all  sessions  the  L  girls  were  slowed  down  more  than  the 
H  girls  by  the  increase  from  one  to  two  lights,  but  not  appreciably 
more  by  further  increase  in  the  number  of  lights  used.  Both  of  the 
L  groups  were  slowed  down  more  by  the  complexity  of  Tests  xa  and 
xb  than  was  either  H  group.  In  Table  V  it  was  seen  that  in  succes- 
sive series  of  the  Third  Session  each  individual  maintained  rather 
closely  his  speed  rank  within  his  group ;  in  the  present  section  it  is 
seen  that  in  general  each  group  maintained  rather  closely  not  only 
its  relative  speed  but  also  the  absolute  difference  in  time  units  by 
which  it  was  faster  or  slower  than  the  other  groups.9 

Variability  of  Response 

In  comparing  the  variability  of  response  of  the  members  of  the 
experimental  groups,  the  interest  was  not  in  the  amount  of  dis- 
persion within  the  group,  but  was,  rather,  in  the  consistency  with 
which  the  individuals  making  up  the  group  responded  throughout  a 
series  of  trials.  This  comparison10  of  the  variability  around  their 
own  means  of  the  individuals  of  one  group  with  those  of  another 
was  based  upon  the  individuals'  standard  deviations  of  responses 


s  In  order  to  try  to  determine  whether  during  the  Third  Session  the  differ- 
ence between  the  H  and  L  boys  in  deceleration  from  test  to  test  might  constitute 
a  significant  trend  even  though  the  difference  in  deceleration  between  any  two 
tests  was  not  in  itself  significant,  trend  lines  were  computed  showing  the  regres- 
sion of  mean  reaction  time  upon  the  complexity  of  the  test.  The  trend  lines  for 
the  two  groups  were  not  significantly  different  from  each  other.  However,  since 
the  use  of  regression  coefficients  assumes  that  the  differences  in  difficulty  between 
successive  tests  are  equal,  it  is  quite  possible  that  such  trend  lines  are  not  appro- 
priate to  these  data.  Another  method  of  testing  the  conclusion  of  no  difference 
between  the  groups  in  deceleration  was  tried:  the  mean  difference  between  the 
H  and  L  boys'  mean  deceleration  from  test  to  test  ((6.18  -5.41)  +  (3.12-2.31) 
+  (-0.08 — 0.07)/3  =  0.52)  was  divided  by  its  standard  error;  for  two  degrees  of 
freedom,  the  result  indicates  that  the  difference  is  not  significant. 

9  It  is  of  interest  that  whereas  the  experimenter  expected  to  find  the  experi- 
mental groups  similar  in  the  o-reaction  but  diverging  in  the  ft -reaction  as  the 
number  of  choices  was  increased,  Professor  Hollingworth  predicted  precisely 
the  results  found:  significant  dissimilarity  between  the  H  and  L  groups  in  the 
a-recation,  with  little  further  divergence  in  the  & -reaction. 

io  The  statistical  procedure  by  which  the  groups  were  compared  was  devised 
by  Professor  Helen  M.  Walker.  The  subscript  i  indicates  the  individual  standard 
deviation,  or,  used  with  a  group  subscript  (k  for  any  group,  or  1  or  2  for  two 
groups  being  compared)  indicates  the  standard  deviations  of  each  individual  in 
that  group.  Division  by  (24-1)  would  be  consistent  with  the  use  of  (N-l)  in 
the  denominator  of  s;  however,  since  it  would  serve  only  to  multiply  each  of  the 
obtained  values  by  a  constant,  it  would  have  no  effect  on  any  tests  of  significance. 
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42  REACTION  TIME  OF 

for  each  of  the  four  tests  of  the  Third  Session.     For  each  individual 
the  standard  deviation  of  the  times  of  his  24  trials  of  a  series  was 


;r4x*-(?x)2 

computed  :  Sj  =     /  i  ^T-   ;  and  for  each  group  the  mean  of 


24 


N 

ZSi 


these  individual  standard  deviations,  s  =  -~-,  and  their  standard 

N 


'Nk  (Zsik)2 


deviation,  ssk  =     /  ,  Sik      -J-Tr —  were  determined.    The  estimate  of 


Nk-1 

the  variance  of  the  standard  deviation  for  both  groups  being  com- 

pared,  c2*1+2  =  .    n    """"^  i    i2    ~~ ^  ,  was  the  basis  for 

Nx  +  N2 -  2 
determination  of  the  standard  error  of  the  difference  between  the 


mean  standard  deviations  of  the  two  groups :  o»rs2  =  \/°  jwTr  w-vr  \ 

\     2(N!)  (N2) 

The  value  by  which  the  significance  of  the  difference  between  the 
consistency  of  response  of  the  individuals  of  two  groups  was  judged 
was  the  ratio  of  the  difference  between  the  means  of  the  standard 
deviations  of  the  individuals  of  the  two  groups  to  the  standard  error 
of   the   difference   between    those   mean    standard    deviations :    t  = 

^_Sl-f2 .     Results  of  comparisons  of  variability  around  their  own 

Sl_S2 

means  of  the  members  of  the  various  experimental  groups  are  sum- 
marized in  Table  X. 

Members  of  the  low  I.Q.  groups  were  significantly  more  variable 
in  their  responses  to  any  of  the  tests  given  in  the  Third  Session  than 
were  individuals  in  the  respective  high  I.Q.  groups.11  Within  either 
the  low  or  the  high  I.Q.  group,  there  was  little  difference  between  the 
boys  and  the  girls  except  in  Tests  I  and  IV  in  which  the  high  I.Q. 
girls  were  less  consistent  than  the  boys. 


n  Other  investigators  report  that  increase  in  chronological  age  is  accompa- 
nied by  decrease  in  both  time  and  variability  of  reactions  (pp.  9-10).  The  data 
presented  in  Tables  VII  and  X  indicate  that  in  both  speed  and  variability  the 
reactions  of  the  low  I.Q.  group  were  more  characteristic  of  immaturity  than 
were  those  of  the  high  I.Q.  group. 
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Influence  of  Age,  Sex,  I.Q.,  and  Order  in  Which  Tests  Were 

Presented12 

The  method  of  analysis  of  variance13  was  used  to  isolate  the 
variation  due  to  chronological  age,  to  sex,  to  the  division  into  groups 
on  the  basis  of  I.Q.,  and  to  the  order  of  presentation  of  the  various 
tests  during  the  First  and  Second  Sessions.  Because  of  the  narrow 
age  range  of  the  reagents  in  the  present  study,  the  experimental 
groups  were  divided  into  sub-groups  according  to  age,  and  all  chil- 
dren within  any  sub-group  were  considered  to  be  of  the  same  age. 
During  the  First  and  Second  Sessions  the  sub-groups  represented 
a  range  of  eleven  months,  and  during  the  Third  Session  a  range  of 
ten  or  eleven  months,  distributed  as  shown  in  Table  XI.14 

TABLE  XI 
Chronological,  Age  Groups 


First  and  Second  Sessions 


N\ 

Boys 

Girls 

C.A.  Range 

H 

L 

E 

L 

Ave.  C.A. 

N 

Ave.  C.A. 

N 

Ave.  C.A. 

N 

Ave.  C.A. 

N 

11-  2  to  11-9 

10-  4  to  11-2 

9-  5  to  10-3 

8-  6  to     9-4 

17 
33 
25 
25 

11-  7.3 

10-  8.4 

9-10.4 

9-  1.6 

4 
8 
9 
5 

11-  6.6 

10-  9.0 

9-11.0 

9-  1.4 

5 

8 
7 
5 

11-  3.8 

10-  6.8 

9-10.5 

8-11.9 

4 
9 

4 
8 

11-  3.5 

10-  6.4 

9-  9.2 

9-  0.4 

4 
8 
5 

7 

Third  Session 


11-  6  to  12-3 

16 

11-10.2 

5 

11-11.3 

4 

11-  7.8 

4 

11-  7.7 

3 

10-  8  to  11-5 

34 

10-11.3 

8 

11-  1.6 

8 

10-11.0 

9 

10-10.8 

9 

9-10  to  10-7 

23 

10-  1.5 

8 

10-  2.5 

8 

10-  2.8 

4 

10-  3.7 

3 

8-11  to     9-9 

27 

9-  5.4 

5 

9-  4.2 

5 

9-  4.0 

8 

9-  4.1 

9 

t  See  footnote  14. 


An  individual 's  score  was  the  mean  of  his  fastest  20  trials  of  the 
23-trial  series,  or  the  median  of  the  24-trial  series.  In  the  case  of 
each  factor  the  sum  of  squares  was  derived  from  the  totals  of  the 


12  It  will  be  remembered  that  the  experimental  groups  were  originally 
divided  into  four  groups  to  each  of  which  the  test  series  were  presented  in  a 
different  order;  and  that  on  the  assumption  of  effect  on  reaction  time  of  both 
sex  and  chronological  age,  these  were  the  bases  on  which  the  reagents  were 
paired. 

is  The  analysis  of  variance  evolved  by  E.  A.  Fisher  is  described  and  ex- 
plained by  Snedecor  (51). 

i*  In  all  cases  the  age  was  that  on  actual  date  of  test ;  since  the  testing  of 
the  Third  Session  was  conducted  over  a  much  shorter  period  than  was  that  of  the 
First  and  Second  Sessions,  and  the  order  in  which  the  children  were  tested  was 
not  exactly  the  same  in  both  periods,  there  was  some  change  in  the  constitution 
of  the  sub-groups. 
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scores  of  individuals  in  the  appropriate  I.Q.  or  sex  group,  or  order- 
of-presentation  or  age  classification  :15  in  any  classification  the  sum 
of  the  quotients  obtained  for  each  sub-group  by  dividing  the  square 
of  the  sub-group  total  by  the  number  of  scores  making  up  that  total 
was  reduced  by  the  amount  of  the  correction  term,  the  average  for 
the  entire  group  of  the  squared  sum  of  scores  of  the  entire  group. 
The  total  sum  of  squares  is  the  Ns2  total,  or  the  difference  between 
the  correction  term  and  the  sum  for  the  group  of  the  squared  scores. 
The  significance  of  any  source  of  variation  is  concluded  from  the 
ratio  between  its  mean  square  and  that  of  the  discrepance  or  experi- 
mental error:  the  quotient  is  compared  with  the  tabular  values  of 
F  for  the  corresponding  degrees  of  freedom  of  the  two  factors. 
Comparison  of  the  mean  squares  of  a  particular  source  of  variation 
and  the  experimental  error  entered  as  discrepance  or  as  variation 
within  subclasses  indicates  the  relative  spread  of  scores  within  and 
between  classifications;  for  example,  in  Table  XII,  the  size  of  the 
mean  squares  indicates  that  for  any  test  there  was  about  as  much 
spread  among  the  mean  times  of  those  reagents  who  had  the  tests 
in  a  given  order  as  there  was  between  the  times  of  individuals  who 
took  the  tests  in  different  order.  In  Tables  XII  through  XV,  those 
sources  of  variation  which  yield  an  F  between  the  5%  and  the  1% 
level  are  followed  by  an  asterisk ;  the  high  significance  of  those  which 
exceed  the  1%  level  is  indicated  by  a  double  asterisk. 

In  general,  the  order  in  which  the  various  tests  were  presented 
had  less  influence  than  age  group  on  the  time  of  reaction ;  this  was 
markedly  true  throughout  for  both  of  the  L  groups ;  for  the  H  girls 
in  Test  IV  and  the  H  boys  in  Tests  III  and  IV,  the  order  in  which 
the  tests  were  given  was  more  important  than  age  group  in  influenc- 
ing the  reaction  time,  but  in  no  case  was  the  difference  in  time 
between  the  order  groups  significantly  greater  than  the  variability 
within  the  order  groups. 

The  analyses  show  that  within  the  chronological  age  range  of  the 
reagents,  in  speed  on  the  simplest  test  there  was  not  enough  differ- 
ence between  the  age  groups  to  be  termed  significant  when  each  sex 
or  I.Q.  group  was  considered  separately,  but  there  was  enough  to 
emerge  as  moderately  important  when  the  times  of  all  100  reagents 
were  considered  together.  As  might  be  expected,  during  the  Third 
Session  when  all  tests  were  given  in  one  period  and  to  all  reagents 
in  the  same  order,  the  influence  of  the  age  grouping  was  more  pro- 


15  The  disproportionate  frequencies  in  the  various  classes  render  the  com- 
putations only  approximate,  but  the  frequencies  are  so  nearly  proportionate  that 
presumably  no  large  error  is  introduced. 
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nounced  than  during  the  First  and  Second  Sessions ;  here  as  in  the 
earlier  sessions,  there  was  less  difference  between  the  age  groups  in 
the  simplest  tests  than  in  those  using  more  stimuli.  The  differences 
between  age  groups  were  not  consistent  for  the  different  tests  in  the 
smaller  classifications  of  reagents  into  sex  or  I.Q.  groups,  nor  were 
they  in  general  as  marked  as  in  the  total  group  of  100  reagents. 
"When  all  reagents  were  considered  together,  the  age  groups  covering 
consecutive  ranges  of  slightly  less  than  a  year  represented  different 
levels  of  ability. 

Sex  differences  in  speed  of  reaction  were  not  the  same  for  the 
high  as  for  the  low  I.Q.  groups :  in  the  former  they  were  great,  and 
in  the  latter  insignificant,  as  appears  in  Table  XV.  Throughout  all 
sessions,  scores  of  the  H  boys  represented  definitely  greater  speed 
than  did  those  of  the  H  girls,  whereas  times  of  the  L  boys  and  the  L 
girls  were  rather  similar. 

Interactions  between  the  variables  are  not  reliably  different  from 
zero. 

The  influence  of  I.Q.  group  was  for  both  sexes  and  in  all  tests 
and  sessions,  significant,  although  for  the  girls  somewhat  less  so  in 
Tests  I  and  IV  of  the  First  and  Second  Sessions  than  in  other  tests 
of  those  sessions  or  in  any  test  of  the  Third  Session.  Throughout  all 
sessions,  not  only  were  the  H  groups  faster  than  the  respective  L 
groups,  but  both  H  groups  surpassed  either  L  group :  the  H  boys 
were  faster  than  any  of  the  other  groups,  and  the  H  girls,  who  in 
any  test  were  definitely  faster  than  the  L  girls,  were,  as  is  shown 
for  the  Third  Session  in  Table  XV  slightly  faster  than  the  L  boys 
in  Test  I,  and  in  Tests  II,  III  and  IV  were  faster  by  an  amount 
which  can  be  termed  significant. 


CHAPTER  V 

SUMMARY  AND  CONCLUSIONS 

In  order  to  determine  whether  children  of  high  differed  from 
those  of  low  I.Q.  in  speed  and  in  variability  of  reaction  and  in  rela- 
tive decrease  in  speed  accompanying  increase  in  the  number  and  the 
complexity  of  arrangement  of  potential  stimuli,  51  children  of  Stan- 
ford-Binet  I.Q.  120  to  200  were  compared  with  49  children  of  the 
same  chronological  age  but  of  I.Q.  63  to  94  on  the  speed  with  which 
they  could  react  to  a  visual  stimulus  by  moving  the  hand  a  short 
distance  before  touching  a  response  key. 

Each  of  the  five  response  keys,  arranged  in  an  arc  whose  radius 
was  the  distance  from  the  finger-rest  to  the  center  of  the  button  of 
any  response  key,  was  directly  beneath  one  of  the  five  one- watt  Neon 
bulbs  which  served  as  stimuli.  Only  one  light  was  used  at  any  one 
time,  and  was  presented  after  a  signal.  The  apparatus  permitted 
control  of  the  preparatory  period  which  was  altered  uniformly  for 
all  reagents  over  a  range  of  from  ^  second  to  5  or  to  7  seconds;  the 
clocks  made  a  buzzing  noise  throughout  the  preparatory  period  and 
until  the  correct  response  was  made.  The  response  required  the 
touching  of  the  correct  key  as  quickly  as  possible  after  appearance 
of  the  stimulus,  using  the  finger  which  during  the  preparatory 
period  had  been  on  a  finger-rest  removed  a  little  more  than  2"  from 
any  response  key ;  the  same  finger  and  mode  of  response  were  used 
throughout.  In  order  to  minimize  differences  in  technique  and 
number  of  muscles  involved  in  the  response,  a  movable  armrest  was 
used. 

A  series  of  reactions  was  obtained  to  each  of  six  tests:  of  the 
test  situations  in  which  response  was  to  the  key  directly  beneath  the 
stimulus  light,  one  involved  only  the  center  light  and  response  key, 
another  but  two  lights  and  keys,  another  but  three,  and  one  involved 
all  five  lights ;  more  complicated  were  the  two  tests  in  which  all  five 
stimuli  were  used  but  in  which  any  light  was  extinguished  by  an- 
other key  than  the  one  directly  beneath  it.  Each  series  was  pre- 
ceded by  a  demonstration  of  the  lights  and  response  keys  to  be  used. 
Premature  reactions  were  mechanically  prevented. 

Each  reagent  was  tested  individually  during  three  sessions  of 
approximately  20  to  30  minutes  during  which  the  test  was  explained, 
practice  given,  and  three  or  four  series  of  reactions  obtained.  Dur- 
ing the  first  and  second  test  periods,  23  successive  reactions  were 

52 


YOUNG  INTELLECTUAL  DEVIATES  53 

obtained  to  each  test ;  during  these  sessions  the  tests  were  presented 
in  a  different  order  to  the  reagents  comprising  each  of  four  groups 
of  the  same  average  chronological  age.  During  the  third  test  period, 
24  successful  reactions  were  obtained  to  each  of  the  four  tests  in 
which  the  correct  response  was  to  the  key  directly  beneath  the  stimu- 
lus; during  this  session  all  reagents  received  the  tests  in  the  same 
order,  only  six  good  trials  of  any  series  being  obtained  successively. 
A  good  trial  was  one  which  the  reagent  considered  valid ;  at  the  end 
of  the  group  of  six  trials,  a  repetition  was  given  of  any  trial  in  which 
he  felt  he  had  not  been  ready  or  in  which  he  had  missed  the  correct 
key. 

Product-moment  correlations  were  computed  where  suitable  to 
the  data.  Comparisons  of  the  experimental  groups  in  regard  to  speed 
of  response,  and  to  decrease  in  speed  accompanying  increase  in  num- 
ber of  potential  stimuli,  were  based  upon  time-unit  differences  be- 
tween pairs  of  reagents  of  the  same  sex  and  within  two  months  of 
the  same  chronological  age,  but  in  which  one  was  a  child  of  high 
and  the  other  of  low  I.Q. :  the  significance  of  the  mean  differences 
between  the  pairs  was  evaluated  by  the  application  of  ' '  Student 's ' ' 
t-test  for  unique  samples.  In  comparing  the  experimental  groups 
on  the  variability  around  their  own  means  of  the  individuals  within 
the  groups,  t-values  were  based  upon  the  standard  deviation  for  each 
individual  of  his  series  of  reaction  times.  Fisher's  method  for  the 
analysis  of  variance  was  applied  to  the  data  to  determine  the  relative 
influence  on  the  results  of  such  factors  as  I.Q.  group,  sex,  chrono- 
logical age,  and  the  difference  in  order  in  which  the  tests  were  pre- 
sented during  the  first  two  sessions. 

Results  obtained  seem  to  justify  the  following  conclusions  in 
reference  to  the  groups  of  boys  and  girls  who  served  as  reagents 
in  the  present  experiment.  As  in  any  statistical  study,  there  were 
on  any  of  the  bases  of  comparison  individual  cases  out  of  line  with 
the  findings  for  the  groups. 

In  a  series  of  24  reactions  given  in  four  groups  of  six  reactions 
each,  and  in  which  premature  responses  were  prevented,  only  mod- 
erate difference  resulted  when  the  mean  instead  of  the  median  of  all 
24  trials  was  used  as  the  reagent's  score,  or  when  trials  the  reagent 
considered  invalid  were  discarded  and  the  times  of  substitute  trials 
used.     (Table  VII.) 

When  the  reagents  were  permitted  to  decide  that  any  trial  was 
an  invalid  measure  of  their  speed  of  reaction,  in  general  they  termed 
invalid  fewer  trials  than  the  experimenter  would  have  discarded 
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from  watching  the  trial  or  on  the  basis  of  the  deviation  of  the  time 
from  the  times  of  the  rest  of  the  series  of  reactions.  The  experi- 
mental groups  differed  little  in  the  average  number  of  trials  dis- 
carded.    (Table  II.) 

Correlations  of  the  tests  repeated  after  several  weeks  and  under 
different  methods  of  procedure  ranged  from  .67  to  .77  when  scores 
were  plotted  as  deviations  from  the  separate  group  means ;  split-half 
self-correlation  of  the  tests  given  during  the  Third  Session  ranged 
from  .85  to  .89,  or,  after  application  of  the  Spearman-Brown 
formula,  from  .92  to  .94.  (Table  III.)  Reliability  coefficients 
computed  for  the  two  I.Q.  groups  were  greater  for  the  L  than  for 
the  H  group  in  Tests  II,  III,  and  IV  given  in  different  sessions, 
and  in  Test  III  of  the  Third  Session.     (Table  IV.) 

The  ranking  of  the  individuals  on  the  basis  of  speed  was 
rather  stable  in  the  different  tests  given  during  the  Third  Session. 
(Table  V) 

In  speed  of  reaction  the  high  I.Q.  group  of  boys  definitely  sur- 
passed the  low  I.Q.  group  in  all  the  tests;  the  high  I.Q.  girls  were 
faster  than  the  low  I.Q.  girls,  but  differences  between  the  groups 
were  less  marked  in  the  simplest  test  than  in  those  in  which  several 
potential  stimuli  were  used.  In  the  first  two  sessions  the  differences 
between  the  groups  of  girls  on  certain  tests  was  less  definite  when 
the  median  time  than  when  the  mean  time  of  their  trials  was  used 
as  the  score.  (Table  VII.)  In  the  two  complicated  tests  xa  and 
xb,  both  high  I.Q.  groups  were  definitely  faster  than  the  respective 
low  I.Q.  groups.     (Table  VII.) 

There  was  practically  no  difference  between  the  experimental 
groups  in  number  of  correct  keys  missed  in  either  Test  I  or  IV,  in- 
volving response  to  the  key  directly  beneath  the  stimulus ;  there  was 
little  difference  between  the  groups  in  number  of  correct  keys  missed 
in  the  simpler  of  the  two  tests  in  which  the  correct  key  was  not 
directly  beneath  the  stimulus ;  but  in  the  most  complex  test,  the  low 
I.Q.  groups  made  more  errors  than  did  the  high  I.Q.  groups.  (Table 
VIII.) 

The  first  time  each  test  was  given,  in  the  two-,  three-  or  five-light 
test  the  low  I.Q.  group  of  boys  decreased  in  speed  more  than  did 
the  high  I.Q.  boys  from  their  time  in  the  one-light  test;  during  the 
Third  Session  there  was  little  difference  between  the  groups  of  boys 
in  relative  decrease  in  speed  accompanying  increase  in  number  of 
lights  used.  In  all  sessions  the  low  I.Q.  group  of  girls  decreased 
more  in  speed  from  the  one-  to  the  two-light  tests,  but  showed  little 
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difference  in  decrease  accompanying  further  increase  in  the  number 
of  lights  used.  With  both  boys  and  girls,  in  the  complex  tests  xa 
and  xb  the  low  I.Q.  group  decreased  in  speed  appreciably  more  than 
did  the  high  I.Q.  group  from  their  speed  in  the  simpler  tests. 
(Tables  IX.) 

Members  of  the  low  I.Q.  groups  were  significantly  more  variable 
in  their  response  to  any  of  the  tests  given  in  the  Third  Session  than 
were  individuals  in  the  respective  high  I.Q.  groups.  Within  either 
the  low  or  the  high  I.Q.  group  there  was  little  difference  between 
the  boys  and  the  girls,  except  in  the  one-  and  the  five-light  tests 
in  which  the  high  I.Q.  girls  were  less  consistent  than  the  boys. 
(Table  X.) 

In  general,  the  order  in  which  the  various  tests  were  presented 
had  little  influence  on  the  time  of  reaction.     (Table  XII.) 

Within  the  chronological  age  range  of  the  reagents,  speed  differ- 
ences between  age  groups  were  not  consistent  for  the  various  tests 
in  the  smaller  classifications  of  reagents  into  sex  or  I.Q.  groups,  nor 
were  they  in  general  as  marked  as  in  the  total  group  of  100  reagents. 
When  all  reagents  were  considered  together,  the  age  groups  covering 
consecutive  ranges  of  slightly  less  than  a  year  represented  different 
levels  of  ability  in  speed  of  reaction.     (Tables  XII  to  XV.) 

Scores  of  the  group  of  high  I.Q.  boys  represented  definitely 
greater  speed  than  did  those  of  the  high  I.Q.  girls,  but  in  the  low 
I.Q.  groups  times  of  the  boys  and  girls  were  rather  similar.  The 
group  of  high  I.Q.  girls  were  in  general  faster  than  the  group  of 
low  I.Q.  boys.     (Tables  XV.) 

Selection  of  the  reagents  on  the  basis  of  wide  difference  in  I.Q. 
resulted  in  groups  significantly  different  in  speed  and  in  consistency 
of  response  to  the  tests  of  the  experiment  reported  here.  Not  only 
were  the  high  I.Q.  groups  faster  than  the  respective  low  I.Q.  groups, 
but  in  general  both  high  I.Q.  groups  surpassed  in  speed  either  low 
I.Q.  group.     (Tables  XIII  and  XIV.) 

Discussion 

The  results  of  the  experiment  reported  here  indicate  that  the 
question  of  the  relationship  between  intelligence  and  speed  of  mus- 
cular response  is  still  open.  They  point  to  the  advisability  of  using 
children  rather  than  adults  in  investigating  the  extent  and  type  of 
activities  in  which  a  speed  difference  between  the  bright  and  dull 
exists,  thereby  avoiding  the  confusion  of  data  which  results  from 
the  combining  of  speed  scores  of  individuals  in  different  develop- 
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mental  stages ;  to  the  advisability  of  using  for  the  response  a  larger 
movement  requiring  greater  organization  than  is  involved  in  the 
more  reflex-type  of  response  customarily  used  in  reaction-time 
studies,  thus  approximating  somewhat  more  closely  normal  volun- 
tary activity,  and  making  possible  more  direct  comparisons  between 
the  simple  reaction  and  more  complex  tj^pes  of  discrete  or  of  serial 
action;  and  to  the  advisability  of  using  a  group  heterogeneous  in 
I.Q.  in  attempting  to  determine  whether  speed  ability  is  to  any 
appreciable  extent  related  to  the  types  of  ability  measured  by  the 
Stanford-Binet  intelligence  test. 

The  extent  of  the  implications  for  educational  procedure  of  a 
genuine  difference  between  children  of  high  and  those  of  low  I.Q. 
in  the  speed  with  which  they  can  make  a  muscular  response  to  a 
visual  stimulus  probably  depends  upon  not  only  verifying  but 
broadening  the  conclusions  of  the  present  study,  for  discrete  stimu- 
lus-response situations  are  not  frequent.  However,  even  the  results 
of  the  present  study  indicate  the  possible  fruitfulness  of  investi- 
gating the  relative  influence  on  learning  by  dull  pupils  of  repetition 
as  against  mere  change  in  the  tempo  of  presentation  of  material  and 
instructions.  If  further  research  verifies  and  broadens  the  findings 
presented  in  this  report,  thereby  demonstrating  a  significant  differ- 
ence in  speed  of  performance  between  individuals  of  high  and  those 
of  low  I.Q.,  there  are  implications  not  only  for  educational  but 
also  for  vocational  procedure :  in  general,  the  individuals  of  low 
I.Q.  should  not  be  expected  to  strike  as  many  keys,  change  as  many 
coins,  press  as  many  levers  or  cap  as  many  jars  as  would  brighter 
individuals  in  the  same  length  of  time;  a  slightly  slower  tempo 
might  in  itself  alter  situations  in  which  the  dull  are  confused  and 
incompetent  into  situations  in  which  they  could  achieve  the  satis- 
faction of  success. 

Further  research  on  this  problem  of  speed  and  ability  might 
profitably  be  directed  toward  learning  whether  individuals  of  high 
and  those  of  low  I.Q.  differ  in  speed  and  in  the  number  of  trials 
necessary  before  a  certain  criterion  of  accuracy  is  achieved  in  com- 
plex reaction  series;  in  speed  of  performing  serial  tasks;  in  speed 
of  response  to  sensory  discrimination  between  simultaneously  pre- 
sented stimuli;  in  speed  and  accuracy  on  series  in  which  logical 
discrimination  between  simultaneously  presented  stimuli  is  neces- 
sary ;  and  toward  determining  how  closely  related  are  these  aspects 
of  the  problem.  The  hypothesis  is  suggested  as  worthy  of  investi- 
gation that  the  relationship  between  I.Q.  and  reaction  time  is  cur- 
vilinear. 


YOUNG  INTELLECTUAL  DEVIATES  57 

APPENDIX 

The  following  diagram  was  set  up  in  an  attempt  to  judge  whether 
the  relationship  between  I.Q.  and  reaction  time  seemed  to  be  a  linear 
one.  The  heavy  lines  join  the  mean  times  for  the  columns,  each  of 
which  represents  a  10-point  I.Q.  interval.  The  line  for  the  higher 
I.Q.  group  does  not  seem  to  be  a  continuation  of  the  line  for  the 
lower  I.Q.  group.  This  might  be  because  the  relationship  is  really 
a  curvilinear  one  so  that  even  in  large  groups  the  slope  would  not 
be  the  same  at  both  ends  of  the  distribution ;  on  the  other  hand,  it 
might  be  merely  that  the  groups  are  so  small  that  neither  line  is 
reliably  determined. 

In  order  that  the  data  of  the  experiment  reported  here  may  be 
more  readily  available  to  anyone  who  might  wish  to  repeat  the  ex- 
periment, perhaps  including  children  representing  the  I.Q.  groups 
not  used  in  this  experiment,  summary  data  are  given  in  Table  XVI.1 
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i  Arrangements  for  obtaining  further  data  may  be  made  with  the  author. 
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